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FOREWORD 


1. This manual is a revision of 0.0. Form No. 5994 with the 
addition of all necessary subject matter from O. O. Form No. 
2052 to cover the safety requirements for manufacturing and 
loading establishments. Forms No. 2052 and 5994, therefore, 
are rendered obsolete, and should be destroyed. Part 4 of this 
manual covers the handling and storage of chemical munitions, 
and has been added as a matter of convenience for ready 
reference. . 

2. A careful study of accidents which have occurred in con- 
nection with the manufacture, handling, shipping, and storage 
of inflammables, explosives, and loaded ammunition, shows 
that in practically every instance where the cause could be 
determined, the accident has been due to circumstances which 
may be classed as avoidable. 

3. The rules, as formulated herein, offer the minimum re- 
quirements considered compatible with proper safeguarding of 
personnel and property. It should be understood that com- 
manding officers of ordnance establishments are entirely free 
to superimpose upon these rules, as a foundation, any addi- 
tional safety precautions which appear to be necessary be- 
cause of local conditions which necessarily could not be covered 
by the general nature of this manual. 

SAMUEL Hor, 
Major General, 
Chief of Ordnance. 

SEPTEMRER 1, 1931. ; 
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INTRODUCTION 
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1. Purpose.—The purpose of this manual is to reduce the 
hazards involved in manufacturing, loading, storing, handling, 
shipping, and maintaining explosives and ammunition at 
ordnance establishments. The manual sets forth: 

a. The hazards involved. 

b. Safety rules and regulations. 

c. Safe methods and practices. . 

2. Scope.—a. This manual covers all kinds and classes of 
military explosives and ammunition which an ordnance estab- 
lishment may handle, and governs the activities incident 
thereto, such as manufacturing, loading, packing, handling, 
storing, shipping, maintenance, surveillance, renovation, sal- 
vage, and destruction. 

b. Regulations pertaining to the storing, handling, shipping, 
and maintaining of explosives and ammunition at line posts, 
camps and stations, are set forth in Technical Regulations No. 
1370-A Ammunition, General. 

c. The mandatory provisions of this manual are those in 
which the terms “will” or ‘must’ are used. The advisory 
provisions are those in which the terms “should” or “ may” 
are used. All mandatory provisions will be complied with un- 
less the Chief of Ordnance issues specific instructions to the 
contrary. 

3. Definitions.—The definitions given below apply throughout 
this manual to the terms defined in this paragraph. 

a. Ordnance establishment.—An establishment under the di- 
rect control of the Chief of Ordnance. 

b. Explosive-—Any chemical compound or mechanical mixture 
that is commonly used or intended for the purpose of producing 
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2 ORDNANCE SAFETY "MANUAL 
an explosion. An explosive” generates gaseous pressures capable 
of producing destructive. effets on contiguous objects. 

c. Ammunition: ‘—AH ammunition used by troops in combat 
and training, ineluding pyrotechnic signals, saluting charges, 
and ‘other like materials. 

a Mt dgazine.—Any structure used, permanently or temporarily 


‘for the storage of explosives and ammunition. 


e. Explosives area.—Any area in which explosives and am- 
munition are manufactured, loaded, stored, handled, shipped, 
maintained, renovated, salvaged, etc. Within this area special 
precautions are taken to guard against fire and accidents which 
may involve explosives and ammunition. 

f. Magazine area.—An area Specifically designated and set 
aside for the storage of explosives and ammunition. A maga- 
zine area is usually detached or separated from other parts 
of an establishment and surrounded by a fence so that stores 
of explosives and ammunition can be adequately guarded and 
protected, particularly against fire. 

g. The terms “surveillance,” “ salvage,” “renovation,” etc., 
are defined in other pertinent sections of this manual. 

4. Arrangement of subject matter.—The subject matter of 
this manual is divided into sections so that the general safety 
regulations and general instructions applicable to all kinds and 
classes of explosives and ammunition are followed by the 
specific regulations dealing with particu'ar kinds and classes. 
Wherever there is conflict between the general and the specific 
instructions, the latter will govern. 

5. Data used.—The following data were carefully considered 
in preparing this manual: 

a. The American Table of Distances, amended Pamphlet No. 
2, issued by the American Institute of Explosive Makers. 

b. State laws pertaining to explosives and ammunition. 

ce. The Interstate Commerce Commission Regulations. 

d. The pamphlets and regulations of the bureau of explosives 
of the American Railway Association. 

e. Sympathetic detonation tests of high explosive shell, Tech- 
nical Staff Test Program 1922-120. 

f. Reports of fires and explosions, involving explosives and 
ammunition, on file in the office of the Chief of Ordnance. 
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SAFETY REGULATIONS 
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6. General.—The safety regulations set forth in this section 
are of a general nature. Special regulations pertaining to 
particular operations such as manufacturing, shipping, stor- 
ing, etc., are contained in other sections. No regulation of this 
manual will be altered, waived or nullified without the specific 
approval of the Chief of Ordnance, except in case of temporary 
emergencies, such as are incident to fires or explosions, when 
the rulings of commanding officers will take precedence over 
standard safety regulations, if necessary. 

7%. Responsibility of the Chief of Ordnance.—The Chief of 
Ordnance exercises general supervision over the safety of 
ordnance establishments. He prescribes the general safety 
regulations to be applied in manufacturing, loading, storing, 
handling, shipping, and maintaining explosives and ammunition, 
and causes the necessary inspections to be conducted to insure 
that these regulations are understood and enforced. 

8. Responsibility of the commanding officer.—The com- 
manding officer of an ordnance establishment is solely responsi-. 
ble to the Chief of Ordnance for the safety of his establish- 
ment. In fulfilling this responsibility, he will pay particular 
attention to the following: 

a. He will strictly enforce the rules and regulations set forth 
in this manual and will make a specific written report of any 
mandatory requirement in these regulations which he may con- 
sider impossible of application at his establishment. 

vb. He will prescribe and enforce such additional safety regu- 
lations as may be needed to meet local conditions which are 
not covered by the general safety regulations. 

c. He will, personally, make frequent inspections of the maga- 
zines, buildings, stocks, and operations of his establishment to 
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insure that all regulations as to the inspection and care of 
explosives and ammunition are strictly carried out. 

d. He will cause periodic safety inspections to be made with 
particular attention to the following: (1) Lightning conductors 
and grounds; (2) drenching showers, sprays, and plunges; (3) 
bombproofs and shelters; (4) neutralizing solutions; (5) fire- 
fighting equipment; (6) light and power circuits; (7) first-aid 
kits. 

e. He will keep the Chief of Ordnance well informed as to 
the safety of his establishment and submit recommendations, 
suggestions, reports, and complaints relating thereio. 

f. Upon leaving the reservation, the commanding officer will 
notify the next in command of the probable duration of his 
absence. 

9. Responsibility of trained employees.—Employees, such as 
surveillance inspectors, magazine superintendents, and foremen, 
who have positions of authority and responsibility, are respon- 
sible not- only for the specific duties of their positions but also 
for continued vigilance in detecting any dangerous conditions 
or practices and in insuring full compliance with the rules and 
regulations of this manual. 

10. General safety regulations.—a. The following general 
safety regulations will be strictly enforced in all operations 
concerning explosives and ammunition at ordnance establish- 
ments: 

(1) No person, un‘ess authorized, will be permitted to enter 
or remain in any magazine or explosive area. Guards, fore- 
men, and others in charge of explosives and ammunition will 
establish the ilentity of all persons who approach magazines, 
buildings or areas in their charge, and determine the right of 
such person to enter or remain therein. They will request 
any such person to leave, or eject him if his presence or actions 
are prejudicial to safety. 

(2) Employees will be allowed in the explosives area and 
buildings only at such times as their duties require. They will 
be required to enter and leave the area by the designated gate 
only. 

(3) All work on hazardous material will be suspended dur- 
ing an electrical storm. Employees will withdraw from the 
immediate vicinity of gd ores of explosives and ammunition, to 
designated buildings. 
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(4) All areas in which explosives and ammunition are stored 
will be posted to show that explosives are stored therein and 
to prohibit trespassing, hunting, and smoking. These signs will 
never be directly attached to a magazine or posted so that a 
rifle bullet fired at them may penetrate a magazine. Signs of 
standard size and color should be used, for which specifications 
and drawings will be furnished by the Chief of Ordnance. 

(5) Hunting will not be permitted in any explosives area. 

(6) No person will be allowed to carry into any magazine 
or explosives area, matches or other fire or fiame producing 
devices, such as caps, detonators, squibs, or firearms, except by 
written authority. When necessary, permits will be granted to 
carry safety matches and then they will be carried only in 
a covered metal receptacle. Only safety matches will be used 
at an ordnance establishment. 

(7) Smoking will be absolutely prohibited in any building 
or magazine in which there are explosives or ammunition. 
Smoking in other parts of the establishment is regulated by the 
orders of the commanding officer. Provision for lighting pipes 
and cigarettes should be made outside the areas in which smok- 
ing is prohibited, preferably in the form of electric lighters, in 
order to discourage the habit of carrying matches. Smoking in 
clothing which has been contaminated with explosives is hazard- 
ous, as such clothing may be ignited by a spark. 

(8) Only lights authorized by this manual (electric lanterns 
and flashlights) will be used in magazines and buildings con- 
taining explosives or ammunition, except that approved elec- 
tric extension lights may be used in making repairs when 
authorized. 

(9) Frequent searches will be made for forbidden articles, 
such searches should include all clothing, whether in use or not, 
baskets, lunch boxes, and all personal property. 

(10) Employees will not use fire-fighting apparatus for pur- 
poses other than fighting fire, except by order of the command- 
ing officer. 

(11) Employees will not make changes in, or tamper with 
electrical equipment. All repairs and changes will be made 
by the persons authorized to do this work. 

(12) Employees will not remove any guards, railings, lad- 
ders, protectors, or safety appliances of any kind, except for 
repairs or cleaning. Machines from which any safety appliance 
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has been removed will not be operated until the appliance has 
been replaced. 

(13) Employees will not block the aisles or safety exits or 
make changes that might, in case of an emergency, result in 
injury to themselves or other employees. All bars on safety 
doors must be removed before commencing operations. 

(14) All buildings and magazines in which there are ex- 
plosives or ammunition will be kept clean. Waste paper, oily 
rags, or waste, and other similar inflammable materials will 
be placed in waste receptacles outside of the buildings and will 
not be permitted to accumulate. The ground around magazines 
and buildings will be kept as free as practicable from leaves, 
long grass, brush, débris, or anything which may increase fire 
hazards. . 

(15) All locomotives used in or near magazines or areas 
which contain explosives or ammunition will be equipped with 
efficient spark arresters, and openings near the fire box will be 
protected and double ash pans provided so that sparks will not 
be blown out or hot clinkers dropped and thus cause grass fires. 

(16) Magazine doors and shutters will be securely locked 
when employees are not working in the magazine. The doors 
to all buildings in which there are explosives or ammunition 
will be closed when cars are being placed or engines are 
passing. 

(17) Daily on beginning work, employees will satisfy them- 
selves aS to the condition of machinery under their charge. 
Any unsafe condition noted in or around magazines or ex- 
plosives areas will be promptly reported to their immediate 
superior. 

(18) If machinery or other equipment is out of order or 
gives indication of improper operation or has serious defects. 
or if foreign substances are discovered in process material. 
work must be stopped on the equipment in question until the 
cause of the additional hazard has been removed. 

(19) Repairs to buildings or equipment must be made by 
authorized competent artisans. Where there is any possibility 
of an explosion, due to explosives remaining in concealed 
eracks or under flooring or fittings, the employees must use 
the greatest care and caution. The tools used should be 
* checked in” before commencing work, and “checked out” at 
its completion. 
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(20) After repairs have been made to machinery or equip- 
ment, it must be thoroughly tested and all guards replaced 
before resuming operations. 

(21) Nonsparking metal tools, or tools made of wood, will be 
used when required by this manual. 

(22) Shoes will be carefully cleaned of all mud or grit be- 
fore entering any magazine or building in which there are ex- 
plosives. Safety shoes (without exposed spark-producing: 
metal nails or plates), rubbers over ordinary shoes, or shoes 
provided with rubber soles and rubber heels with no exposed 
nails, will be worn when required by this manual. Personnel 
wearing safety shoes will protect themselves against body 
charges of static electricity by frequently touching grounded 
metal Iccated outside the immediate area in which a spark may 
cause a fire or explosion. 

(23) Clothing not worn during work will be placed in desig- 
nated locations, preferably in change rooms of the area. 

(24) Lunches will be eaten only in designated places, prefer- 
ably change rooms, and must not be eaten in rooms where 
explosives are present. 

(25) All applicants for employment must pass a mental and 
physical examination. The commanding officer will be respon- 
sible for the character of the personnel employed, and care will 
be taken that no mentally unsound or physically unfit persons 
are engaged. 

(26) All persons taking employment will be impressed with 
the fact that their safety, as well as that of others, depends 
on the intelligence and care exercised by themselves and by 
their fellow workers. Persons not willing to comply with these 
regulations and to report violations will not be employed. 

(27) Employees will be carefully trained under the direct 
supervision of a foreman or an experienced workman until 
competent to perform the work assigned to them. The means 
of exit from buildings and areas, the locations of and the means 
of using first-aid kits and fire-fighting apparatus will be care- 
fully explained. 

(28) All employees will be supplied with extracts of the most 
important regulations and essential rules concerning safety, 
preferably arranged in the form of a small booklet. Employees 
will not be set to work until their duties have been explained 
to them and are understood. This instruction will include the: 
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character of the material to be handled, the hazards due to fire 
and explosion, the safety precautions to be taken, and the tools 
authorized for use. 

(29) Guards, electricians, carpenters, and others who are 
not regularly employed in handling explosives and ammunition 
but who may occasionally come in contact with such materials, 
will have the danger and the possible causes of fires and ex- 
plosions carefully explained to them. 

(30) Helmets or gas masks of a type approved by compe- 
tent authority shall be kept conveniently available and for the 
use Of all employees who may require them for entering places 
where there are or may be asphyxiating or toxic gases. Em- 
ployees must not enter build’ngs or tanks in which there is an 
excess of acid fumes or vapors in overpowering amounts, un- 
less they wear a helmet or gas mask with special canister suit- 
able for protection from the fumes to be encountered, and have 
attached to them a life line controlled by another employee 
outside of the tank or building. 

(31) In loading and handling operations of extra hazardous 
explosives and components, one man will not be permitted to 
work in a location where assistance from a fellow employee 
can not be given immediately in the event of an accident. 

(32) Employees will report all personal injuries, however 
slight, to their foreman, who will see that first aid is given. 
The foreman will fill out O. O. Form 40 and forward it promptly 
to his immediate superior, in order that any unsafe condition 
in connection with the accident can be remedied. In case of 
serious injury, a phySician should be summoned at once. 

11. Safety rules for foremen.—a. The word “foreman ” in 
this manual is used to indicate any person who has the super- 
vision of employees. 

(1) The foreman has no authority to waive or to alter any 
of the safety regulations, or to permit their violation by others. 

(2) He is required to explain and invite the attention of 
all employees to standard safety regulations, and to stress the 
necessity of all employees living up to the spirit, as well as 
the letter, of safety regulations for their own sake as well as 
others. He will explain as far as possible the character of 
the explosive, the precautions to be followed, and the hazards 
due to fire and explosions if the safety standards are not 
carried out. 
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(3) He will supervise the instruction and training of em- 
ployees, either directly or through an experienced operator, 
until he is satisfied that the employee can work alone. This 
instruction will include the means of exit from buildings and 
areas, the location of shelters and bombproofs, first-aid kits, 
fire-fighting apparatus, showers, plunges, neutralizing solutions, 
and the methods of operating the same. 

(4) He will report to his immediate superior cases of all 
employees who, in his opinion, are not fitted for the work to 
which they have been assigned. 

(5) He will satisfy himself as to the identity of any per- 
sons entering or approaching the buildings, and their authority 
to enter or remain in a building or area in his charge. He 
has the authority and will exercise the right to eject any person 
whose presence or actions are prejudicial to safety. 

(6) He is responsible for the enforcement of placard orders. 
When the total number of persons, including operators, fore- 
men, truckmen, inspectors, repair men, visitors, and Government 
representatives, exceeds the number permitted in the room, it 
is the duty of the foreman to cease operations and invite the 
attention of the people not regularly employed in the building 
to the excess number. If the notice is not effective in reducing 
the number of persons in the room or building to the number 
permitted, he will withdraw his crew, until the time they may 
return to work in accordance with the safety regulations. 

(7) When the amount of explosives in a room or building 
exceeds the amount permitted, the foreman will have the’ 
amount in excess removed, or cease operations during the time 
the excess remains in the building. 

(8) He will require permissible tools, not in use, to be in 
place on a tool board or holder. In case of the loss of tools 
in manufacturing process rooms or buildings, operations must 
be stopped until he is satisfied that the lost tool can not become 
the source of additional hazard. He will also see that the 
regulations as to safety uniforms and safety shoes are being 
observed. 

(9) The foreman of each shift or crew is responsible for the 
cleanliness of the building. He will maintain all safeguards, 
prevent the blocking of safety exits and aisles and enforce all 
safety regulations applying to the employees under his super- 
vision. 
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(10) No repairs, construction work, experiments or tests are 
to be undertaken in the area until the foreman in charge has 
been notified. He will not permit major repairs or changes 
in any building, machinery or equipment in buildings contain- 
ing hazardous materials. When changes or repairs are neces- 
Sary, the hazardous material must be moved and the building 
thoroughly cleaned before commencing work. In brief, he will 
not permit repairs, construction, experiments or tests, which, in 
his opinion, increase the hazard, until authorized by his im- 
mediate superior. He is-required to enforce the safety stand- 
ards in buildings under repair in his area, although the re- 
pair force may not be under his orders. 

(11) He is required to satisfy himself before leaving, that 
all conditions in his room, building, or arena with regard to a 
shut down, comply with orders. When not relieved: by a shift, 
he will see that windows and doors are closed and locked, and 
that any master power or light switches outside of the build- 
ing are opened. When his shift is being relieved by an in- 
coming shift, he will make a complete report to his relief of 
any equipment requiring immediate attention. 

(12) He is required to inspect and maintain, or cause to be 
maintained, stocks of goggles, gloves, gauntlets, gas masks, 
aprons, helmets, safety uniforms, safety shoes, and such other 
safety implements, accessories, and appliances as are required 
on the work with which he is charged. 

(13) He is required to bring to the attention of his im- 
‘mediate superior all places where railings, footboards, lights, 
guards, hoods, automatic stops, or safety appliances are re- 
quired; also all places at which sprays, showers, plunges, 
shelters, bomb proofs, or lunch rooms are desirable. 

(14) He will report to his immediate superior all cases, 
where, in his opinion, the employees lack sufficient room for the 
performance of their duties or where sufficient ventilation, heat, 
light, or other necessities are not being supplied. | 

(15) He will forward to his immediate superior all requests, 
suggestions, and complaints made to him, together with such 
comments as he may have, with regard to safety standards. 
These should be in writing so as to form a part of the safety 
records of the plant. 

12. Safety signs and placards.—a. The Chief of Ordnance 
prescribes the safety placards or signs that will be posted in 
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magazines. (Sec. VI, par. 26-b-(6).) In addition to these 
signs and placards the commanding officer will provide for such 
other placards as may be needed at his establishment to set 
forth local regulations of an important nature. Particular 
attention will be paid to rooms, buildings, and areas in which 
explosives and ammunition are repacked, renovated, salvaged, 
or destroyed. Serious accidents and explosions have occurred 
because excessive quantities of explosives or ammunition were 
accumulated near operations of this nature. Rules and instruc- 
tions set forth on placards will be brief and clear. 

13. Special clothing.—a. When manufacturing or handling 
some hazardous materials, special clothing is required. The 
suits for men and women must have no metal buttons. They 
should have no pockets except skeleton pockets. Woolen cloth- 
ing is recommended for work when engaged in handling acids. 
When safety uniforms are required, a complete change of cloth- 
ing is recommended. No street clothes should be worn at work, 
and the clothes which are worn at work should not leave the 
plant. 

b. The design of clothes shou'd be made to fit requirements, 
In the handling of some materials used in the manufacture of 
explosives, the slight friction caused by clothes which fit tightly 
at the wristband, belt, or around the neck is sufficient to cause 
irritation and possible poisoning of the employee. 

c. Employees who are required to wear safety uniforms must 
not carry keys, coins, knives, or metal of any kind during the 
time they are in operating buildings. 

d. Uniforms should be worn for periods not exceeding three 
days without washing. The washing should be done at the 
plant under the supervision of plant authorities. 

e. Safety or powder shoes are manufactured without any 
exposed nails or plates. Safety shoes may be constructed of 
rubber, cloth, leather, or composition material, containing no 
exposed steel or iron cleats, nails or other spark-producing 
material. Sewed soles or pegged soles are acceptable and give 
good service. Rubber-soled shoes or rubber boots are recom- 
mended for work when engaged in handling acids. 

f. Rubber shoes are forbidden for use where there is fine 
explosive dust, such as in guncotton dry houses, or black powder 
loading plants, and when there is a special danger of explosive 
vapors which might be ignited by static electricity. 
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Section III 


FIRST AID AND SANITATION 
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14. First aid.—a. Wherever explosives or ammunition are 
manufactured, loaded, stored, handled, or shipped, there will 
be first-aid kits readily available. These kits should be located 
in all change houses, rest rooms, laboratories, and such addi- 
tional buildings as may be necessary. Since it is not feasible 
to install first-aid kits throughout magazine areas, each party 
or group of employees working therein will be provided with 
a portable kit. 

b. In addition to the first-aid kits, stretchers and blankets 
are required. The need for such equipment should be care- 
fully considered, and the location definitely designated. 

c. If first-aid kits are not regularly inspected, there is some- 
times a marked failure to replace supplies that are used. A 
monthly inspection will be made of first-aid kits, blankets, and 
stretchers, to insure that they are maintained in good condition 
and ready for immediate use. 

d. For every 50 persons or less at work in plants manufac- 
turing or using hazardous materials, there should be present at 
all times at least 2 persons who are competent to apply first-aid 
remedies and who are trained in methods of resuscitation. 

e. Victims of attacks of cramps, coughing spells, nausea, or 
sickness due to exposure to acid fumes, vapors, or asphyxiating 
gases must be treated immediately by a physician. Responsi- 
bility for compliance with this rule lies with the foreman. 

15. Sanitation.—a. The lack of sanitation in any establish- 
ment affects the alertness of workers. Accidents have been 
frequently traced to unsatisfactory conditions and to unwhole- 
some and unhygienic practices. Observation of certain stand- 
ards tends to eliminate accidents, discomforts, and industrial 
poisoning. 

b. Change rooms should be provided in all areas where manu- 
facturing or renovation operations require that employees 
change their clothes. Preferably, these should be of the three 
compartment type, arranged with dressing rooms, locker rooms, 
and washing rooms. The employees will go from the work 
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clothes locker room through the wash room when completing 
the days’s work and reverse this operation when starting work. 

ec. Distribution of sanitary fixtures are dependent on local 
conditions. Shower baths, wash basins, and toilets should be 
provided as required. The plant should have an efficient sewer 
and waste disposal system to which all sanitary fixtures and 
appliances are connected. Leaching cesspools should not be 
permitted if it is possible to avoid their use. Where it is 
impractical to do otherwise, the cesspool must be covered by a 
small house, provided with a fly-tight door, and the holes in 
the seat to be covered with hinged fly-tight covers. As the 
bottom of wooden covers condense moisture arising from the 
cesspool, it is recommended that the hole covers be constructed 
of a wooden frame covered with fiy-tight wire gauze. 

d. Drinking fountains in selected locations should be pro- 
vided in the proportion of not less than'1 for every 80 em- 
ployees, or individual paper cups must be provided and the 
water drawn from sanitary sources. The drinking fountains 
must be in accordance with modern sanitary standards. Dur- 
ing freezing weather difficulty has sometimes been found in 
supplying groups of employees with sanitary drinking water, 
in locations where there are no heated buildings provided 
with drinking fountains. This difficulty has been overcome 
by the development of a sanitary nonfreezing drinking pail 
which is constructed as follows: A cover is soldered to a com- 
mercial 10-quart galvanized pail. This cover is provided with 
a 2-inch filling hole and a small hole in the center through 
which the valve stem passes. The valve is fastened to the 
center of the bottom of the pail, and is provided with an 
outlet pipe, with a slight downward slope to permit the drain- 
ing of the water after filling a cup. The valve is operated 
by a wheel attached to the upper end of the valve stem which 
passes down through the hole in the center to the valve in the 
bottom of the pail. A supply of paper cups is carried in a 
long metal box, which is soldered to the side of the pail, This 
box is filled through the top and the cups are removed from 
the bottom as required. 
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SECTION IV 


GUARD PROTECTION 
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16. General.—a. As guards at Ordnance establishments may 
consist of military personnel, civilians, or both, and as there are 
other local conditions affecting guard protection, not common 
to all establishments, the general subject ‘“ Guard protection 
for ordnance establishments” is covered by Army Regulations 
and administrative orders of the Chief of Ordnance. 

b. However, since there are certain special safety precau- 
tions which must be observed in guarding stores of explosives 
and ammunition, it is the purpose of this section to set forth 
special safety regulations which will be strictly enforced and 
obeyed in guarding stores of explosives and ammunition at 
ordnance establishments. 

17. Special guard regulations for explosives storage.— 
a. Magazines and areas in which there are explosives and am- 
munition will be adequately guarded at all times, preferably 
by regular guards. If employees working in a magazine or 
magazine area are utilized for this purpose their responsi- 
bilities will be clearly defined. 

b. Guards and others in charge of explosives and ammuni- 
tion will be thoroughly instructed in the hazards due to fire and 
explosions and the safety precautions to be taken. 

c. In making inspections, special attention will be paid to 
guards assigned to protect stores of explosives and ammunition 
to insure that they thoroughly understand their duties and are 
performing them properly. 

d. Guards will make a prompt report to the commanding 
officer or his duly authorized representative of the following: 
(1) Any unusual occurrence in or near a magazine area. 

(2) Grass or forest fires in areas adjacent to the magazine 
area. 

_(3) Conditions which are or may become fire hazards, such 
as long grass, undergrowth, and other vegetation in the vicinity 
of magazines. 

(4) Dangerous practices of employees working in magazines 
or explosive areas, such as smoking, unauthorized use of fire 
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equipment, and tampering with ammunition or electrical equip- 
ment. ‘ 

(5) Unlocked magazine doors and shutters, defective tele- 
phone and electric wires, and openings in the fences surround- 
ing the magazines. 

e. Hunters in the area adjacent to magazines, who are dis- 
covered using firearms in a manner that may endanger mili- 
tary stores w:ll be warned and, if necessary, reported to the 
commanding officer who will take such action as he deems 
necessary. 

f. Airplanes flying over an explosives area at an altitude of 
less than 500 feet will be observed for identification and re- 
ported to the commanding officer who will forward all facts 
in the case to the Chief of Ordnance. 

g. Guards protecting explosives or ammunition will not be 
armed with rifles. A rifle bullet penetrating a magazine wall 
may cause a serious fire or explosion. 

h. All entrances to magazine areas protected by nonclimable 
fences will be securely locked unless guards are stationed there. 
Special precautions will be taken to guard areas which are not 
protected by a suitable fence. 

4. Guards will be instructed that their most important duty 
is to protect explosives and ammunition against fire. Alarms 
will be given with the greatest possible speed so as to start ac- 
tion instantly, as serious fires and explosions have been avoided 
by prompt action of the fire-fighting forces. After giving the 
alarm, guards will exert every effort to hold the fire under 
control until the fire-fighting forces arrive, except that if a 
fire occurs in a closed magazine, they will not attempt to enter 
the magazine. 


SECTION V 


FIRE PROTECTION 
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18. General.—a. Many of the fires involving explosives and 
ammunition are preventable, for the causes have been well estab- 
lished and can therefore be anticipated and controlled or elim- 
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inated. It is the duty of all concerned in the handling of ex- 
plosives and ammunition to study the causes’ of fires and 
thoroughly inform themselves of the safety precautions that 
must be taken to prevent them. 

b. As fire-fighting facilities, organizations, and methods vary 
quite widely at the various ordnance establishments and are 
affected by local conditions, the general subject “ Fire Pre- 
vention and Fire Fighting” is covered by Army Regulations 
30-1580 and administrative orders of the Chief of Ordnance. 

c. Many of the general safety regulations (Sec. II, par. 10) 
are primarily for the prevention of fires. In addition thereto, 
certain special fire-preventive regulations are necessary and are 
contained in this section, being preceded by a brief discussion 
of the causes of fires, the purpose of which is to explain and 
emphasize the importance of all safety and fire-preventive 
measures set forth in this manual. 

d. This section also contains regulations and advice as to 
fire-fighting facilities, organizations, and methods in so far as 
these differ from those ordinarily employed when stores of 
explosives and anmmunition are not involved. 

19. Causes of fires.—a. Fires in magazines and magazine 
areas in which explosives and ammunition are stored may be 
due to several causes, of which the following are the most 
common: 

(1) Dry grass, leaves, and underbrush, ignited by sparks 
from locomotives, by smoking, or the careless use of matches 
and camp fires. Such fires often originate in the areas adja- 
cent to military establishments not under the direct control 
of the commanding officer, but, which if not detected and con- 
trolled, may quickly spread and become uncontrollable. 

(2) Deteriorated explosives and ammunition.—Explosives and 
ammunition deteriorate in storage. Normally, this deteriora- 
tion occurs at such a slow rate that most explosives and am- 
munition remain serviceable for many years. However, under 
unfavorable storage conditions where the ammunition is sub- 
jected to abnormally high temperatures (above 80° FEF.) or 
exposed to moisture for a prolonged period, the rate of deteriora- 
tion is greutly accelerated. Practically all explosives and am- 
munition give off heat as they deteriorate but where the rate 
of deterioration is slow the heat thus generated is dissipated 
by conduction or radiation and no noticeable rise in tempera- 
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ture takes place, but, when deterioration becomes rapid, heat 
may be generated so fast that it can not be thus dissipated 
and the temperature rises. This accelerates the deterioration 
still more until finally the temperature may become high enough 
to cause the explosive or ammunition to burst into flame and 
in certain cases where the explosive or ammunition is con- 
fined an explosion or detonation may result. 

(3) Repacking, renovation, and salvage operations not prop- 
erly supervised and conducted in accordance with recognized 
safety standards. The most common sources of trouble are 
excessive quantities of powder and loose explosives; accumula- 
tion of waste paper, broken boxes, etc.; and failure to properly 
provide the barricades and fire breaks necessary to prevent the 
spread of fire from one operation to another. 

(4) Careless or untrained employees or other persons who 
violate regulations by smoking, building fires, or striking 
matches in forbidden areas and buildings, or who tamper with 
explosives or ammunition, particularly grenades, fuzes, etc. - 

(5) Failure to understand and carefully observe the safety ‘ 
precautions prescribed by these regulations for destroying ex- 
plosives and ammunition. The most frequent sources of trouble 
are flying fragments which cause grass fires or explode piles 
of explosives and ammunition awaiting destruction. 

(6) Sparks that may be caused by striking iron or steel 
Nails or metal containers with iron or steel tools, or by nails 
in shoes striking flint, pebbles, sand grains, or nails in the 
floor. Such sparks, small as they are, have often caused dis- 
astrous explosions of black powder or the dust of other explo- 
sives which ignite easily, and are the basis of the requirements 
in certain places of this manual for tools of brass, copper, or 
other nonsparking material; for cleaning mud and dirt from 
shoes before entering magazines; and for wearing safety shoes 
(shoes without exposed metal nails or plates) or shoes of rub- 
ber or felt in certain magazines.. 

(7) Statio electricity—-A considerable charge of electricity 
may accumulate on smokeless powder and upon the body of 
an operator during the handling operations. When a person 
so charged approaches powder or explosives, a spark may jump 
between him and the powder or explosives and ignite them, 
Machine belts also frequently produce static electricity, espe- 
cially if the drive is short and the belt crossed. When possible, 
the scoop shovels, ete, used in handling smokeless powder 
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should be attached to a ground wire. This prevents any ac- 
cumulation of static electricity upon the body of an operator, 
and it also grounds to a large extent the electricity produced 
in the movement of the powder grains. Also the electricity 
generated by moving belts can be collected and grounded with- 
out sparking, by means of a collector constructed of a brass 
or copper bar or pipe to which is soldered a piece of fine copper 
or brass wire screen two to six inches in width and approxi- 
mately the length of the bar. The outside edge of the wire 
screen of the collector is located near the moving belt and the 
bar is suitably grounded. <A person generating static electricity 
upon his body during handling operations in a building con- 
taining ammunition or explosives should go occasionally to the 
door and touch a suitable ground to remove the charge. 

(8) Failure to properly safeguard heating appliances, such 
as torches and furnaces used in making repairs to magazine 
roofs and magazines. 

(9) Lightning striking buildings, trees, or other objects in 
‘or near explosives areas. 

(10) Electric transmission lines, blown down or in contact 
with inflammable materials. 

(11) Lack of a proper muffler, or the use of a muffler cut- 
out, on gasoline-driven vehicles. 

20. Special fire-prevention rules.—qa. Fire prevention is of 
the utmost importance because of the d fficulties encountered 
in controlling fires involving explosives and ammunition. The 
special fire-preventive rules set forth below are minimum re- 
quirements for Ordnance establishments storing explosives and 
ammunition. They will be supplemented by such additional 
rules as the commanding officer deems necessary to secure ade- 
quate protection against fires at his establishment. 

(1) During the absence of the commanding officer, there 
will be present at the establishment a competent person to 
assume temporary command and act for him in case of fire 
or other emergency. This person should preferably be a com- 
missioned officer, but may be a warrant officer, noncommis- 
Sioned officer, or civilian. 

(2) The duties of guards, firemen, military personnel, and 
others will be so arranged that an adequate fire-fighting force 
is available at all times. 

(3) Fire-fighting forces will be thoroughly instructed in the 
hazards due to fire and explosion, the safety precautions to be 
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_taken, and the means and methods to be used in preventing and 
fighting fires. 

(4) Fire drills and inspections will be most carefully con- 
ducted to insure that the fire-fighting forces understand their 
duties and that gfire-fighting equipment functions dependably 
under actual working conditions. Hose not tested to working 
pressures frequently bursts when most needed. 

(5) The duties of electricians, engineers, plumbers, ete., who 
are not regular members of the fire department, but who may 
be required to start fire pumps, cut out electric power lines, 
ete., will be carefully defined. 

(6) All fire-fighting equipment, especially hand fire extin- 
guishers, water barrels and buckets, and the supplies of auxil- 
iary equipment, such as gunny sacks, brooms, etc., will be regu- 
larly inspected as prescribed by the commanding officer and 
any deficiencies reported will be promptly corrected. 

(7) Repacking, renovation, salvage, and all operations in- 
volving the handling of explosives and ammunition, will be 
regularly inspected as prescribed by the commanding officer to 
see that the necessary fire-fighting equipment is present and in 
good working order. 

(8) When explosives and ammunition are being handled, or 
work is being done in the immediate vicinity of such stores, 
there will be present, ready for immediate use, two chemical 
or other type hand fire extinguishers. 

(9) To combat grass or forest fires in or near the magazine 
areas, there will be maintained at suitable locations an ade- 
quate supply of gunny sacks, brooms, rakes, hoes, or other 
Similar equipment. This equipment will be regularly inspected 
and protected against theft or unauthorized use. 

(10) Vegetation in the form of grass, undergrowth, weeds, 
etc., which is or may become a fire hazard, will be controlled 
by the use of chemical weed killer or by mowing, plowing, 
cutting, or, in calm weather and under adequate safeguards, 
by burning. Burning will not be permitted within the 50-foot 
space specified in the paragraph below, and brush, grass, wood. 
ete., in piles, will not be burned within 200 feet of a magazine 

(11) A firebreak at least 50 feet wide and as free as practi- 
cable from inflammable material, will be maintained around 
each magazine. 

(12) The vegetation on and along railroad tracks will be 
controlled so that they will act as firebreaks. 
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(13) In addition to those specified above, firebreaks around 


the entire magazine area and at other places within the mag- 
azine area will be maintained wherever necessary. 

(14) All locomotives used in or near the magazine area will 
be fitted with efficient spark arresters, and openings near the 
fire box will be protected and double ash pans provided so that 
sparks will not be blown out and thus cause grass fires. 

(15) All roads which fire-fighting forces use will be main- 
tained in a good state of repair. 

(16) Keys to gates, magazines, and other buildings, which 
fire-fighting forces may enter, will be kept readily available at 
such places as the commanding officer may designate. 

(17) Only flashlights of types approved from a safety stand- 
point, such as Eveready No. 2695, will be used in the presence 
of explosive dust or inflammable vapors. 

(18) The water lines should be divided into sections by 
cut-off valves in order that in the event of a breakage in one 
location, the damaged section can be cut off from the re- 
mainder of the system. Water mains should not be located 
under railroads or roads which are used for conveying large 
quantities of explosives and ammunition, as a detonation of a 
large quantity of explosives over a water main may cause the 
loss of all the water in the system. Where pipe lines cross 
railroads or roads at an angle, no cars or trucks loaded with 
explosives or ammunition will be permitted to remain over the 
water lines longer than is necessary to pass from one side to 
the other. Lateral lines are not considered in this class. The 
latter should be provided with a shut-off valve approximately 
50 feet from the building. 

(19) To reduce the hazard of fire in a room or building 
containing explosives, explosives dust, or inflammable vapors, 
from the back fire of an automobile, the following will be car- 
ried out. Before stopping the engine the door through which 
the shipment is to be passed will be closed, or if closed, it will 
not be opened until after engine of the automobile has been 
stopped. The automobile will not be stopped cloSer to the 
door than a distance equal to the width of the door opening. 
After loading or unloading, the door of the room will be closed 
before starting the engine. 

21. Fire-fighting facilities.—a. A fire involving explosives or 
ammunition may result in an intense conflagration or an ex- 
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plosion. Means for immediately attacking the first small blaze 
detected in a magazine or magazine area are therefore vital, 
and reliance must often be placed upon hand equipment which 
can be maintained ready for immediate use. In addition 
to the hand fire extinguishers specified in paragraph 20-a-(8), 
the following types may, under certain conditions, be used to 
good advantage and to supplement the regular fire-fighting fa- 
cilities ordinarily maintained at ordnance establishments. 

(1) Water barrels and buckets placed at each magazine or at 
places specified by the commanding officer. If this class of 
fire-fighting equipment is always maintained so that it can be 
depended upon in case of fire, it is a valuable fire protection. 
However, in the summer time, the barrels must be frequently 
refilled, and in freezing weather, brine must be used. Buckets 
deteriorate rapidly unless they are frequently painted or pro- 
tected from the weather, and sometimes they are blown about 
by wind storms if they are not securely fastened in place. Any 
device used for this purpose must be capable of being released 
at will. 

(2) Tank cars filled with water and so located that they 
are readily available. Such protection, however, can not be re- 
lied upon in freezing weather or when facilities for rapid move- 
ment to the scene of a fire are lacking. 

22. Fire fighting.—ca. To successfully combat fires involving 
explosives and ammunition, it is necessary that the personnel 
understand thoroughly what a particular kind or class of explo- 
sive and ammunition will do when subjected to heat and flame. 
The sections of this manual which pertain to particular classes 
and kinds of explosives and ammunition give, in as much detail 
as possible, what the experience has been with fires in that 
particular kind or class of material, and also the general 
safety precautions to be observed in fighting the fire. 

b. General instructions which will be followed in combating 
any fire involving explosives and ammunition are as follows: 

(1) When a watchman or other person discovers smoke com- 
ing from a closed and locked magazine, or other evidence that 
a magazine is afire, he will give the alarm as quickly as possible. 
He will fail in his duties if he attempts to go into the burning 
building and thereby possibly get trapped so that he can not 
give the alarm. 

(2) When a guard, watchman, or other person discovers a 
grass fire, he will immediately give the alarm, unless the fire 
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is so small and so near that he is sure he alone can extinguish 
it at once. 

(3) Fire-fighting forces, when they arrive, will attack a grass 
fire vigorously even when it is close to a magazine. 

(4) In case a fire has actually gained headway in a maga- 
zine, fire-fighting forces will be directed not to endanger them- 
selves in hopeless efforts to extinguish the fire, but to devote 
their efforts to saving adjacent buildings. 

(5) Forces engaged in fighting fires in dangerous explosives 
and ammunition will always seek such cover as is available 
and will never. unnecessarily expose themselves to the intense 
heat generated by burning smokeless powder, or to fiying 
fragments from exploding ammunition. Many serious acci- 
dents have occurred to personnel running from a fire, while 
others much nearer to the danger have escaped injury be- 
cause they were protected by cover which in some cases was 
very slight, such as a tree or shallow ditch. 

(6) Work must be discontinued in buildings containing am- 
munition or explosives during thunder storms to safeguard 
operators, who are required to report to the bombproofs, shel- 
ters, or other locations where they will be safe in the event of 
lightning causing an explosion in a building. In all plants 
manufacturing and loading explosives, bombproofs should be 
available for the protection of personnel in the event of a 
major disaster involving the possibility of continued explosions. 
Change houses are required in all plants manufacturing or 
loading explosives, and in one case combined change houses 
and bombproofs have been built. The floors are constructed 
of reinforced concrete 12 inches in thickness and entrances are 
provided at each end of the basement which are screened by 
conerete walls to prevent the entrance of flying fragments. 
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23. General.—a. Explosives and ammunition in quantity will 
not be stored in buildings which are used for other purposes, 


Ge 
AnD 


wm tS CA 


ae ad 


ORDNANCE SAFETY MANUAL 23 


They will be stored in magazines and magazine areas which 
are designed and built with careful reference to the class of 
material to be stored and which comply with the following 
general requirements : 

(1) Magazines must be sufficiently remote from inhabited 
buildings, public railroads, and public highways so that the 
dangers and risks involved in storing explosives and ammuni- 
tion are confined almost wholly to the magazine area. The 
quantity-distance tables of Section VII contain complete data 
on this subject, which are based upon the study of a large 
number of explosions. 

(2) Magazine areas should be arranged so that like risks 
are together. The administration buildings, quarters, barracks, 
and general storehouses should be grouped in a safety zone 
outside the magazine area. Explosives magazines, smokeless- 
powder magazines, primer and fuze magazines, and ammuni- 
tion magazines, should each form a definite group. Each group 
should be so located that due consideration is given to the 
hazards and risks involved in storing each class of material. 
The magazines will be spaced in accordance with the quantity- 
distance tables of Section VII. 

(3) The railroads in a magazine area should be arranged 
so that there is a classification yard for incoming and outgoing 
shipments, a main-line track to each row of magazines and a 
spur at each magazine, so that cars can be loaded and un- 
loaded without blocking the main track. 

(4) Good roads to guard the area and fight fires should be 
provided. Roads for traffic to and from the safety zone should 
not pass through the magazine area. 

(5) Good drainage facilities should be provided in magazine 
areas, as some explosives and ammunition deteriorate very 
rapidly in the presence of moisture. 

(6) Magazines should be constructed of materials which in 
the event of an explosion will not form dangerous missiles or 
firebrands. 

(7) Magazines should be fireproof unless the hazard is one 
which permits the use of a frame building. All frame build- 
ings should be covered with fire-resistant material, such as 
corrugated sheet asbestos. Iron or steel sheets, flat or corru- 
gated, fill these requirements only when carefully applied, for 
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when exposed to intense heat, sheets nailed without locked 
seams will not remain in place. 

(8) Magazines should be staunch and preferably low and 
narrow. They should be constructed to withstand to the 
greatest possible extent the air pressures which may be gen- 
erated by explosions in nearby magazines. 

(9) The approximate sizes of magazines are largely deter- 
mined by the quantity-distance tables of Section VII. The 
capacity Should be just large enough for the storage of the 
maximum amounts permitted, with ample aisle space for in- 
spection and shipping, and with piles of convenient height. 

(10) All types of magazines should be constructed with the 
floor of the magazine at car floor height and each magazine 
Should be provided with a loading platform. 

(11) When wooden floors are used, the finished floor should 
be laid so as to avoid cracks and crevices where spilled explo- 
sives may lodge. Narrow tongued and grooved material, blind 
nailed, should be used in laying the finished floor. 

(12) Construction of a nature which might allow the ac- 
‘ eumulation of explosives dust must be avoided. 

(13) Each magazine must be provided with ventilators, well 
screened or baffled to prevent the entrance of sparks, so 
that the temperature in the magazine can be closely regulated. 

(14) All doors to magazines must be covered with fire- 
resistant material, and must be made to fit as tightly as pos- 
sible so as to seal the opening. 

(15) Magazines are not usually wired for electric lights; 
but when electric lights are used, all wiring will be in con- 
duits and a master switch will be installed on the exterior of 
the magazine. 

24. Types of magazine construction.—a. The latest approved 
types of magazines which are used for the storage of explo- 
sives and ammunition at Ordnance establishments are desig- 
nated as explosives magazines, smokeless powder -magazines, 
primer and fuze magazines, ammunition magazines and ware- 
houses. TheSe magazines are described in detail on drawings 
and in specifications of the Ordnance Department. The follow- 
ing paragraphs contain only a general description of each 
type. 

b. Explosives magazines:—(1) These magazines are primar- 
ily intended for the storage of bulk explosives, such as black 


ORDNANCE SAFETY MANUAL 25 


powder, T. N. T., tetryl, and explosive D. They are approx: 
imately 26 feet wide and 42 feet long and when grouped together 
in 2 magazine area are usually spaced 400 or 800 feet apart. 
They are constructed with concrete foundation walls and piers, 
hollow tile or brick walls, and wood floors. The flat roof 
supported on wooden roof trusses, is of gypsum blocks or slabs 
covered with a fire-resistant built-up roofing. There are ventila- 
tors on the roof and in the foundation walls below the floor. 
The openings in the foundation walls are always well screened 
or baffled to prevent the entrance of sparks. The limiting floor 
load is 300 pounds per square foot. The bullet-proof explosives 
magazine is similar in construction to the magazine described 
above except that the hollow tile walls are filled with sand, 
or are made of materials which will stop rifle bullets. 

(2) These magazines were originally designed for the stor- 
age of 250,000 pounds of explosives; but with ample aisle space 
for inspection and shipping, and piles of convenient height, the 
amount is usually limited to approximately 100,000 pounds. 

c. Smokeless powder magazines.—(1) These magazines are 
primarily intended for the storage of smokeless powder in 
boxes or in the form of separate loading propelling charges. 
They are approximately 32 feet wide and 96 feet long and, when 
grouped together, are usually spaced 300 feet apart. Since 
smokeless powder requires good protection against moisture and 
high temperature and is principally a fire hazard, the magazines 
vary considerably in construction details from the other stand- 
ard magazines. They are of frame construction built on con- 
crete or wood piers, and the outside wall is of corrugated sheet 
asbestos which extends to the ground level. The floor, the ceil- 
ing and the inner walls are of planed and matched lumber and 
are carefully built to avoid cracks and crevices. The roof is 
similar to that described for explosives magazines. There are 
ventilators in the roof and in the outside walls below the floor, 
and air passages between the inner walls and floor. The 
limiting floor load is 500 pounds per square foot. 

(2) These magazines were originally designed for the storage 
of 500,000 pounds of powder in boxes. The amount of powder 
in the form of propelling charges which can be stored in a 
magazine of this type is usually less than the figure stated 
above. 

d. Primer and fuze magazines.—(1) These magazines are 
primarily intended for the storage of primers, primer detonators, 
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adapters and boosters, and fuzes of all types. They are ap- 
proximately 32 feet wide and 96 feet long and when grouped 
together are usually spaced from 300 feet to 400 feet apart. 
With respect to construction details, they are similar in all 
respects to the magazine described in paragraph 24-b of this 
section. The limiting floor load is 550 pounds per square foot. 

(2) The capacity of these magazines is not stated in definite 
figures because the number of components that may be stored 
in any one magazine depends not only on the capacity but also 
takes into account the danger of losing all of one type of 
component if stored in one magazine. 

e. Ammunition magazines.—(1) These magazines are pri- 
marily intended for the storage of fixed or separate loading 
shell and shrapnel. They are approximately 50 feet wide and 
220 feet long and when grouped together are usually spaced 
300 feet apart. They are built with solid foundations of con- 
crete and have concrete floors. The walls are of hollow tile 
or brick and the wood roof trusses are carried on concrete or 
brick pilasters. The roof is of the peaked type and consists of 
gypsum blocks or slabs covered with fire resistant built-up 
roofing. There are ventilators in the roof and openings in the 
side walls which can be closed or opened to regulate the venti- 
lation. The limiting floor load is 1,000 pounds per square 
foot. ; 

(2) The capacity of these magazines is not stated in definite 
figures because the number of shell or shrapnel that may be 
stored therein is regulated by the quantity-distance tables (Sec. 
VII) and by other safety requirements which limit the number 
of shell to a pile and the distances between piles. (Sec. XX.) 
ff. Warehouses.—These structures are similar to commercial 
warehouses. They have solid foundations of concrete, concrete 
floors, and are usually built of brick or tile in sections approxi- 
mately 160 feet wide and 100 feet long. The sections are 
separated by fire walls and are usually equipped with sprinkler 
systems. They may be used for the storage of small-arms 
ammunition, sodium nitrate, and other similar materials which 
are not explosive hazards. 

25. Lightning protection.—a. I't is the policy of the Ord- 
nance Department to equip all magazines with an efficient 
lightning protection system. This system is shown and de- 
scribed in detail on drawings and in specifications of the Ord- 
nance Department. 
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b. The essential parts of the installation are air terminals, 
conductors, and ground terminals. The air terminals are points 
of noncorrosive metal elevated as high above the building as 
possible. Conductors are cables or rods which connect the air 
terminals with each other and with the ground terminals. 
Grounds, or earth terminals, are usually copper plates sur- 
rounded by charcoal and buried in the ground below the water 
level of the subsoil. Sometimes charcoal cones only are used 
and in exceptional cases water mains and railroad tracks have 
been used as grounds. 

c. The purpose of the lightning protection system is to pro- 
vide a metal path of low resistance for the discharge of elec- 
trical currents from the air to the ground and without damage 
to the magazine or its contents. If any of the parts of the 
system are corroded, broken, or poorly installed, the resistance 
offered to the passage of electrical currents is increased and 
they may take the more favorable path through the building 
and its contents and thus cause fires or explosions. Experience 
shows that deterioration is most active at the places where the 
conductors enter the ground. 

d. To obtain continuous and reliable protection, lightning pro- 
tection systems will be inspected semiannually. Once each 
year each system will be electrically tested in accordance with 
instructions furnished by the Chief of Ordnance. ‘The results 
of these tests, together with a description of the defects noted 
and the repairs made, will be forwarded to the Chief of 
Ordnance. Instructions for the tests and the equipment to make 
them, if not already on hand, will be requested from the Chief 
of Ordnance. : 

26. Care and maintenance of magazines.—a. The command- 
ing officer or a duly authorized representative will make regular 
inspections of each magazine to see if repairs are needed and 
to insure that the general safety regulations set forth in this 
manual, particularly those which refer to the cleanliness of 
magazines and elimination of fire hazards, are strictly observed. 

b. Magazines which are properly maintained will show com- 
pliance with the following: 

(1) The ground around the magazines will be free from dry 
grass, leaves, and rubbish, and the 50-foot cleared space (Sec. 
V) will be carefully maintained. 

(2) Fire extinguishers, water barrels, buckets, and other 
auxiliary fire-fighting equipment, such as gunny sacks, brooms, 
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ete., at or near magazines will be arranged in a neat and 
orderly manner and protected against undue deterioration. 
They will be uniformly placed in position where they are in 
plain sight and readily available. 

(3) Within the magazine, the floors will be clean and free 
from dirt, oily spots, or pools of exudate. 

(4) The stocks in the magazine will be arranged in an orderly 
manner with ample aisle spaces for inspection and shipping. 

(5) Loose components or rounds of ammunition, excess dun- 
nage, packing material, conveyors, skids, etc., will not be stored 
in the magazine. 

(6) Magazine placards (O. O. Form 5091) furnished by the 
Chief of Ordnance will be posted near each door of the maga- 
zine so that they are visible when work is being done in the 
magazine. 

(7) The doors and locks will be kept in good working order. 

27. Repairs to magazines.—a. No repairs to magazines will 
be made until it has been dee‘ded whether or not the con- 
tents of a magazine are first to be removed. Under normal 
conditions, roofs, lightning rods, ventilators, doors, etec., can 
be repaired, and minor repairs to the interior of a magazine, 
except those containing hazardous explosives, such as black 
powder, T. N. T., tetryl, or explosive D, can be made without 
removing the contents of the building. 

b. When magazines are repaired, the general safety regula- 
tions set forth in this manual will be complied with, particu- 
larly those relating to the elimination of fire hazards. In ad- 
dition thereto, the following special regulations are particu- 
larly applicable: 

(1) All work will be done by sdvetut experienced workmen. 

(2) Tools which do not cause sparks will be used, if 
practicable. 

(3) The floor in the immediate vicinity of the repair work 
will be carefully Swept and stains on the floor will be scrubbed 
with hot water. 

(4) No work requiring soldering, the melting of asphalt, or 
the use of blow torches will be done in a magazine containing 
explosives Or ammunition. 

(5) No repairs will be made to the interior of a magazine 
containing bulk explosives, such as black powder, T. N, 4 
tetryl, explosive D, until all explosives have been removed ang 
the floors soaked with water. 
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28. Care and maintenance of magazine and explosives 
areas.—Strict compliance with the general safety regulations 
and particularly those pertaining to the guarding of stores of 
explosives and ammunition, the controlling of vegetation in 
and around the magazine and explosives areas, the maintenance 
of firebreaks, roads, railroads, and fences, and the posting of 
warning signs, is essential to the proper care and maintenance 
of magazine and explosives areas. Old and dilapidated wooden 
shacks, piles of boxes or dunnage, dry brush, etc., will not be 
permitted. 

SEcTIoN VII 


QUANTITY-DISTANCE TABLES 
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29. General.—This section deals only with the quantity- 
distance relations governing the storage of explosives and 
ammunition in magazines at Ordnance establishments. Where, 
in this section, explosives and ammunition are grouped into 
classes, it is not meant or implied that the articles in a par- 
ticular class are to be stored together, but merely that the 
hazards involved are similar for all articles in each group. The 
materials that may be stored together in one magazine are set 
forth in Section IX of this manual. 

30. Minimizing and reducing hazards in storage.—a. To 
reduce to a minimum the risks due to fire or explosion, the 
Chief of Ordnance prescribes with reference to quantities and 
distances: : 

(1) The distances which will be maintained between inhab- 
ited buildings, public railways, public highways, and the mag- 
azines at Ordnance establishments. 

(2) The distances that will be maintained between magazines 
at Ordnance establishments. 

(3) The maximum quantity that will be permitted in any 
one magazine. 

b. These safety precautions not only protect persons and 
property in the territory adjacent to Ordnance establishments, 
but reduce the possibility of any explosion involving large 
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masses of explosives and ammunition, and from a military 
standpoint limit the quantity of supplies that may be lost in 
any one explosion. 

ec. The quantity-distance tables set forth below will be strictly 
compiled with at all Ordnance establishments. These tables 
are based upon data obtained from fires involving military 
explosives and ammunition, and upon a comprehensive series of 
tests conducted at the Aberdeen Proving Ground. The tables 
covering the storage of military explosives which are similar 
to commercial explosives are in agreement with the require- 
ments of the American Table of Distances, published by the 
Institute of Explosives Makers, United States of America, and 
also with the laws of the various States. 

d. In preparing these tables, such minor damage as the break- 
ing of window glass and the shaking down of plaster, when not 
accompanied by structural damage, was not considered. The 
distances specified in the tables offer protection against struc- 
tural damage and most missiles. Occasional missiles, which 
may travel a mile or more, were not considered because they 
occur but rarely when the amount of material involved in any 
one explosion is limited by small and well separated piles. 
It will be noted that the distances specified in the tables are 
not based upon the total amount of explosives in the magazines, 
but upon the missile hazard or the amount that may be in- 
volved in any one explosion. 

e. Whenever an explosives manufacturing building or maga- 
zine is effectually screened from another explosives manufac- 
turing building or magazine, railroad or highway, either by 
natural features of the ground or by efficient artificial barri- 
cade of such height that any straight line drawn from the top 
of any side wall of the factory building or magazine to any 
part of the explosives plant building or building to be pro- 
tected will pass through such intervening natural or artificial 
barricade, and any straight line drawn from the top of any 
side wall of the factory building or magazine to any point 12 
feet above the center of the railroad or highway to be pro- 
tected will pass through such intervening natural or artificial 
barricade, the applicable distance as prescribed by the quan- 
tity and distance table, and the intraplant quantity and dis- 
tance table, and the distances separating magazines may be 
reduced one-half. It is not the policy of the Ordnance Depart- 
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ment to erect barricades around magazines; but, if necessary 
to meet dangerous local conditions, such barricades will be con- 
structed in accordance with drawings and pps iica tone fur- 
nished by the Chief of Ordnance. 

f. Whenever it becomes necessary to store loaded ammunition 
of any nature in magazines differing in type and construc- 
tion from those prescribed in this manual, or whenever it be- 
comes necessary to pile ammunition in a manner other than 
as prescribed in this manual, the total amount of explosives 
present in the ammunition will be considered as bulk explo- 
sives, and the distances as given in the intraplant quantity and 
distance table, as shown on page 38 will govern such storage, 
unless authority to depart therefrom is obtained from the Chief 
of Ordnance, 

g. The terms used in the following tables are defined as 
follows: 

(1) Inhabited building.—Any building customarily used as a 
habitation, church, schoolhouse, hospital, railroad station, or 
for other purposes of assembly. 

(2) Public railway.—Any steam, electric, or other railroad 
which carries passengers for hire. 

(3) Public highway.—Any street, alley, road, or navigable 
stream. A navigable stream is one capable of extensive naviga- 
tion by barges, tugboats, and other large vessels. 

(4) Nearest magazine.—The nearest magazine containing ex- 
plosives or ammunition. The amount of explosives or am- 
munition permitted in a magazine can sometimes be increased 
if the nearest magazines are filled with inert materials, thus 
greatly increasing the distance to the nearest magazine con- 
taining explosives or ammunition. 

(5) Factory building.—Any building or other structure, ex- 
cepting magazines, in which the manufacture of explosives or 
any processing involving explosives is carried on. 

(6) Maxinuun permitted—The maximum quantity of explo- 
sives or ammunition permitted in any magazine even though it 
is more isolated than the tables prescribe. It is imperative that 
losses of military supplies be reduced to the absolute minimum. 

h. The explosive contents of ammunition or components are 
shown on Ordnance drawings; but, if these are not available, 
the information desired should be requested from the Chief of 
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Ordnance. The quantities shown in the tables belov 
computed in the following manner: 

(1) For smokeless powder the quantities in pounds : 
net weight of the powder in the boxes (bulk powder) | 
pelling charges. 

(2) For pyrotechnics the quantities are the gross wei; 
the boxes and contents. 

(3) For fixed ammunition the pounds of explosives ar 
puted as follows: If a magazine contains 200,000 rou. 
75-mm, H.E. shell, Mk. I, the amount of explosive in the 
azine is 200,000 by 1.75 pounds (approximate weight o: 
charge) = 350,000 pounds. The smokeless powder in the 
ridge case is not classed as an explosive in this case and 
included in the computation. 

(4) For separate loading shell and bombs the pounds 
plosives are computed as follows: If a magazine co 
thirty thousand 155-mm. Howitzer shell, Mk. I, the amo 
explosives in the magazine is as follows: 30,000 by 15.25 p 
(approximate weight of shell charge) = 457,500 pounds. 

31. Classes and quantity-distance tables for military « 
sives and ammunition.—a. When military explosives an 
munition are packed in accordance with the provisions 0! 
Department drawings and specifications, and are stored a 
scribed in this manual, they may be grouped, in so far : 
hazards due to fire or explosion are concerned, into the f 
ing general classes: 

Class 1—Small arms ammunition and sodium nitrate.— 
are principally fire hazards and no limits are placed 0 
storage of material of this nature. 

Class 2—Smokeless powder and pyrotechnics.—These 
terials may become unsafe under extreme conditions of mo 
and high temperature. They burn with intense heat b 
not usually form missiles or generate pressures which 
serious Structural damage to adjacent magazines. | 
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Quantity-distance table 
SMOKELESS POWDER IN CONTAINERS! 


Distance in feet from nearest— 
Quantity, pounds of explosives 


(not over)— Inhabited | Public Public 
building | railway | highway aagarne 


——_— | | | 





LOU hers oases Seen cesses eee Saas ye ee ees ee ea el oceans 
: I | Se Reese ean aE eer race teen 75 75 75 35 
0) WOU cclandcciantins Moni Cee caa kes 115 115 115 50 
10; 000. a2 on Joe enote tS eeec ees eae 150 150 150 75 
LOO OOD ss aoe ae ee cee aaa aca. 300 300 300 150 
G0UU Rp weGeeeasosuoweot eed ee kak 375 375 375 185 
900,000. oe ossk se cu eestseeece ics 450 450 450 225 
WOOO ed eet tae cans pee eeeLaue. 525 525 525 265 
(000 4 ges cccsnct miccesenecees 600 600 600 300 
SMOKELESS POWDER IN BULK 3 
UU (1 Sesene  ererte pe e ee e Cere 200 200 200 100 
BU OU eg el a nn ele Sgn 400 400 400 200 
200; 000 Fos os ecicintac cedeseseeeues 500 500 500 250 


1 Smokeless powder in containers is intended to mean any smokeless powder stored 
in boxes, powder cans, cartridge storage cases, or any container used for the storage 
of Smokeless powder. 

? Maximum quantity permitted in any one magazine. 

3 Smokeless powder in bulk is intended to mean any smokeless powder not stored 
in containers, such as is found in dry houses, blenders and in buildings in a smokeless 
powder plant and in hand blending operations. 


Class 3—Point-detonating fuzes, minor caliber base-detonating 
fuzes, powder train and mechanical time fuzes, packed sepa- 
rately in bores.—The amount of explosives in articles of this 
class varies from 30 to 250 grains. These fuzes usually ex- 
plode progressively, not more than a box or two at a time. 
Pressures which would cause serious structural damage to 
adjacent magazines are not usually generated, and missiles are 
small and of light weight, usually falling within 100 yards. 


Quantity-distance table 


Distance in feet from nearest— 
Quantity, pounds of explosives 


(not over)— Inhabited | Public Public 
building railway highway Magazine 
5,000 1____...--- 2. eee eee eee eee 400 400 400 300 


1 Maximum permitted in any one magazine. 
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Class 4.—Fizved high-explosive shell. 38-inch trench-mortar am- 
munition, fragmentation bombs, grenades, and shrapnel of all 
calibers, fuzed or unfuzed, packed in bozres.—Articles in this 
class usually explode progressively, only a few boxes at a time, 
many explosions of individual rounds being of a very low order. 
Pressures which would cause serious structural damage to ad- 
jacent magazines are not usually generated and most missiles 
would fall within 200 yards. 


Quantity-distance table 


Distance in feet from nearest— 


Quantity, pounds of explosives 


(not over)— Inhabited | Public | °Public 


building railway highway Magazine 


500,000 1_.__._.._.-. Rrler ere amen en 1, 200 1, 200 1, 200 300 
1 Maximum permitted in any one magazine. 


Class 5—Separate-loading or unfixed loaded shells of all cali- 
bers, loaded with explosive D, fuzed, or unfuzed.—These shells 
usually explode one at a time, and in practically all cases with 
low order. As only one shell should be involved in an explo- 
sion, the missiles are limited both as to number and range and 
most missiles will fall within 400 yards. 


Quantity-distance table 


Distance in feet from nearest— 


Quantity, pounds of explosives 


not over) — Inhabited | Public Public 
building railway highway 


TT ene ed 


1 Maximum permitted in any one magazine. 


Class 6—Major and medium caliber base-detonating fuzes, 
bomb fuzes; and adapters and boosters for high explosive shell, 
for chemical shell, and for bombs, packed separately in bores.— 
The amount of explosives in articles of this class does not ex- 
ceed one-half pound. They usually explode progressively, by 
piles. The number involved in any explosion is limited by 
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making the piles small and separating them by prescribed dis- 
tances determined by actual detonation tests. Structural dam- 
age caused by the pressures generated is usually limited to 
adjacent magazines and the missiles are light and usually fall 
within 200 yards. 
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Quantity-distance table 


Distance in feet from nearest— 


Quantity, pounds of explosives 
(not over)— 


Public 
highway 


Public 
railway 


Inhabited 
building 


Magazine 


1 Maximum permitted in any one magazine. 


Class 1—Separate-loading and unfizved loaded shell of all cali- 
bers, except those loaded with explosive D.—Shell in this class 
usually explode progressively by piles. The number involved 
in any one explosion is limited by making the piles small and 
Separating them by prescribed distances which have been de- 
termined by actual detonation tests. Structural damage caused 
by the pressures generated is usually limited to adjacent 
buildings. Most missiles will fall within 500 yards. 


Quantity-distance table 


Distance in feet from nearest— 


Quantity, pounds of explosives 
(not over)— 











| 
Inhabited Public Public ; 
building : railway | highway | Magazine 
(a an | Sy See Oh cee 
600,000 !_..............----- eee 1,800 | 1, 800 1, 800 300 





1 Maximum permitted in any one magazine. 


Class 8—Primers, detonators, primer-detonators for bombs, 
grenade fuzes, and blasting caps, packed in metal containers 
and wooden bores.—The amount of explosives in articles of 
this class varies from 30 to 110 grains. All in a magazine may 
explode at one time, but as the total amount of explosives in- 
volved is limited and the explosives are not strongly confined, 
structural damage is usually limited to adjacent magazines. 
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This class of ammunition forms light missiles which have a 
very limited range. 


Quantity-distance table 


Distance in feet from nearest— 
Quantity, pounds of explosives 


(not over)— Inhabited | Public | Public | 
building 2 | railway 2 ! highway 2 , Magazine 
a re i SSS a ey, 
9000 fet teams odd seins coeatinese ! 980 590 " 300 | 300 
A 1 | ee Ra NOG ed 1, 200 720 360 ' 300 
10000 6 ee | 1, 500 900 450 | 300 
1 ACL eS A ae ee 1, 610 970 490 | 300 
20,000 8 ia cteoeechoate ee snenacencen: | 1, 740 1, 040 520 | 300 
| \ 





1 Maximum permitted in any one magazine. co 
2 American Table of Distances, requirements for explosives in the form of blasting 


caps. 

Class 9—Bulk explosives such as black powder, T. N. T., 
tetryl, and explosive D.—The black powder usually exp‘odes, 
and T. N. T., tetryl, and explosive D usually burn but may 
explode. Since these explosives are similar to commercial ex- 
plosives, structural damage should not occur at the distances 
specified in the American Tabie of Distances for similar quan- 
tities of commercial explosives. Missile hazards are minimized 
by using a type of magazine construction which breaks up into 
small fragments in case of explosion. 


Quantity-distance table 





Distance in feet from nearest— 
Quantity, pounds of explosives | ———_——- —___— 
not over)— Inhabited | Public |, Public 














building ?| railway? | highway? | “/agazine? 
BODO Editi ack a yet ia terteetisls Ah By ti | 1, 500 900 450 300 
10 O00 esc aun hae rood eect eebe | 1, 740 1, 040 520 300 
V5 000s sarc eBcvesed saci ec etna Fae 1, 780 | 1,070 530 300 
90, 000 sc cc cerckatucne tacwadcacaos 1, 950 1, 170 580 300 
25,000_........--.-------.---------- 2,110 1, 270 630 300 
BO QUO. olen aw eet stan wae cad 2, 800 1, 680 840 300 
75 O00 goes sce Sah oetincioa ciad-Sceo es a 3, 310 1, 990 1, 000 - 400 
100; 000 sos tntoncateca¥acoe nes sec 3, 630 2, 180 1, 090 400 
150,000......-........----------- _ 3, 800 2, 280 1, 140 800 
200,000......-.--...--------------- 4, 060 2, 440 1, 220 800 
250,000 !_..._.-.------------------ 4, 310 2, 590 1, 300 800 


: Maximum permitted in any one magazine. 
2 American Table of Distances, requirements for bulk explosives. 


3 cere do not apply to magazines located on manufacturing plants. (See 
par. 32-0. 
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Class 10—Demolition bombs.—All in a magazine may explode. 
If this happens, structural damage caused by the pressures 
generated should not occur at the distances specified in the 
American Table of Distances for similar quantities of commer- 
cial bulk explosives, and most missiles will also fall within 
these distances. 


Quantity-distance table 


Distance in feet from nearest— 


Quantity, pounce of explosives 


(not over)— Inhabited | Public Public gazin 
building? | railway? | highway? | Ma i 


ca ns | 


10; 000 5-2 oe te ee ace ead | 1, 740 1, 040 520 300 
OOO aa Screed Eten a tne medias 1, 780 1, 070 530 
1 || en RnR me ote ie SOI 8 pe ean, eee , 950 1, 170 580 300 
OS O00 8 ada eles Sued teasers 2, 110 1, 270 630 300 
60,0003 oes curse eee nee 2, 800 1, 680 840 300 
1:18. | ea On On eee nee tee 3, 310 1, 990 1, 000 400 
100000 2.03 oa ooo whet. coe 3, 630 2, 180 1, 090 400 
OOO oe stag Sate etek eae weil ea a 3, 800 2, 280 1, 140 800 
OOO sacese ccccaee eed ieee e 4, 060 2, 440 1, 220 800 
DBO O00 occ glee mautouia eens 4,310 2, 590 1, 300 800 





1 Maximum Baek iran ah in any one magazine. 
3 American Table of Distances, requirements for bulk explosives. 


32. Intraplant distances.—a. All factory buildings shall be 
located one from the other and from other buildings on explo- 
sives plants in which persons are regularly employed, and all 
magazines shall be located from buildings on explosives plants 
in which persons are regularly employed in conformity with the 
following table: 
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Intraplant quantity-distance table 


Quantity of explosives Distance in feet, 
separate build- 
ing, or within 
Pounds Pounds substantial 
over— under— dividing walls 


ES ae ae 10 Siena aoe aie 


eeseSseanz 
Soseesseesseusseeses 
g 


~~ ese 





Ra ong poe ee 
RASRAB Sw 


1, 000 
1, 150 





8 
SSSSSS2S28 


Nee 
Ss 
PAAR 


j 


b. A definition of the words ‘“ within substantial dividing 
walls” with reference to the intraplant distances between fac- 
tory buildings is illustrated by the following example. If a 
building contains 4,000 pounds of explosives and is provided 
with a “substantial dividing wall,” dividing the building into 
2 rooms, 1 containing 3,000 pounds of explosives and the other 
1,000 pounds, the distance between the room containing 3,000 
pounds of explosives and the nearest operating factory building 
is based on the distance required for 3,000 pounds of explosives. 
To describe it otherwise, “a substantial dividing wall” would, 
in the event of a detonation of the larger quantity of ex- 
plosives, prevent the sympathetic detonation of the lesser 
quantity of explosives in the adjoining room, and the 3,000 
pounds of explosives govern the distance to the next building 
instead of the total of 4,000 pounds in the building. 

c. Magazines in which more than 50 pounds of explosives are 
stored must be detached from other structures in which per- 
sons are regularly employed. Magazines in which more than 
5,000 pounds of explosives are stored must be located in con- 
formity with the following table: 
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Intraplant quantity-distance table 


Quantity of explosives | Distance in 


| 
feet, maga- 
| Pounds Pounds ae 
| over— under— 
} 
a) a a | 
25, 000 30, 000 215 | 
50, 000 55, 000 280 
100, 000 125, 000 470 
150, 000 175, 000 600 
225, 000 250, 000 800 
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33. General.—The general regulations governing the packing, 
marking, and shipping of military supplies are set forth in 
Army Regulations 30-955. This section contains special regu- 
lations applying to explosives and ammunition. 

34. Packing.—a. Explosives and other dangerous articles 
offered for shipment on a common carrier will be packed to 
comply with the Interstate Commerce Commission regulations, 
but these regulations specify that “shipments of explosives 
offered by the War and Navy Departments of the United States 
Government may be packed, including limitations of weight, 
as required by their regulations.” Any proposed departure 
from the requirements of the Interstate Commerce Commission 
regulations must be submitted to the Chief of Ordnance for 
decision. 

b. Military explosives and ammunition are packed in accord- 
ance with United States Army specifications and drawings. 
The methods of packing specified not only meet military require- 

78878—31—_—_—_4 
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ments and protect the articles from damage in transit, but also 
comply with the Interstate Commerce Commission regulations. 

c. When shipments of explosives and other dangerous articles 
are to be made and containers which comply with the United 
States Army specifications are not available, containers comply- 
ing with the Interstate Commerce Commission regulations will 
be used. This applies particularly to the shipment of deterior- 
ated explosives or ammunition, and to powder, explosives, and 
loaded components of ammunition obtained from salvage opera- 
tions. - . , 

35. Marking.—a. The term “ marking ” as used in this manual 
includes the painting, stenciling, and stamping of containers and 
of the ammunition itself. 

b. Explosives and other dangerous articles offered for ship 
ment on a common carrier will be marked to comply with Inter- 
state Commerce Commission regulations. 

c. Explosives and ammunition are marked in accordance with 
United States Army specifications and drawings (see United 
States Army Specifications No. 100-2), and are further de- 
scribed and explained in the several technical regulations cov- 
ering ammunition. The markings are primarily for the identi- 
fication of the material from a military standpoint, but they 
comply with the Interstate Commerce Commission regulations. 

d. When an Ordnance establishment repaints or re-marks 
explosives or ammunition containers, ammunition, or ammuni- 
tion components, the new painting or marking will be a fac- 
simile of the painting and marking of the original container or 
ammunition unless the Chief of Ordnance issues specific instruc- 
tions to the contrary. Explosives and ammunition obtained 
from salvage operations, or such material the identity of which 
has been lost, will be marked to show clearly the nature of the 
goods, and, if offered for shipment, will be marked to comply 
with the Interstate Commerce Commission regulations. 

36. Lot numbers.—a. A most important part of the marking 
for military explosives and ammunition is the lot number. This 
lot number always appears on the containers and data cards 
and whenever possib:e on the ammunition itself. 

b. Lot numbers usually consist of letters and figures which 
represent the initials of the manufacturer or loading company, 
the number of the War Department procurement order, the 
serial number of the lot and, in some cases, the date. Varia- 
tions from the above will be noted since it is not practicable to 
use the same system of lot numbering for all kinds of explosives 
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and ammunition, but typical examples of lot numbers are as 
follows: 

For smokeless powder.—D. P. lot 192-1918 (Du Pont lot No. 
192, made in 1918). 

For fixed ammunition—T. A. G. lot 129-3 (T. A. Gillespie, 
contract 129, lot 3). . 

c. The identification of military explosives and ammunition 
by lot number is essential for the surveillance activities of the 
Ordnance Department. It is the means by which stocks are 
conserved or utilized to the best advantage, and defective or 
detériorated ammunition is withdrawn from service. It is also 
used in selecting ammunition for issue, because the ballistics 
or performance of ammunition, when fired, may vary from lot 
to lot. | 

37. Interstate Commerce Commission regulations.—a. The 
transportation of explosives and other dangerous articles within 
the limits of the jurisdiction of the United States is regulated 
by Federal law, act of March 4, 1909, chapter 321, sections 232 
and 234 (35 S. 1134), as amended by the act of March 4, 1921, 
chapter 172 (41 S. 1444-1445). Violations of this act are 
punishable by severe fines and imprisonment. 

b. Section 233 of the above-mentioned act reads as follows: 

‘““The Interstate Commerce Commission shall formulate regu- 
lations for the safe transportation, within the limits of the 
jurisdiction of the United States, of explosives and other 
dangerous articles, * * * which shall be binding upon all 
common carriers engaged in interstate or foreign commerce 
which transport explosives or other dangerous articles by land 
or water, and upon all shippers making shipments of explosives 
or other dangerous articles via any common carrier engaged 
in interstate or foreign commerce by land or water.” 

c. Under the authority of the above-quoted act the Interstate 
Commerce Commission has published regulations governing the 
transportation of explosives and other dangerous articles by 
land and is preparing regulations governing the transportation 
of such articles by water. 

_88. The bureau of explosives.—a. The Interstate Commerce 
Commission regulations covering shipments of explosives and 
other dangerous articles by rail include the following: 

“The services of the bureau for the safe transportation of 
explosives and other dangerous articles, hereinafter called 
bureau of explosives, will be utilized by the commission in the 
execution of these regulations. This bureau will make inspec- 
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tions and conduct investigations, and will confer with manufac- 
turers and shippers with a view to determining what regula- 
tions will within reasonable limits afford the highest degree 
of safety in packing and preparing these dangerous articles for 
shipments and in transporting the same. The commission will 
avail itself of the expert knowledge thus developed, and in 
formulating amendments to these regulations, while not bound 
thereby, will give due weight to the expert opinions thus 
obtained.” 

b. The bureau of explosives was organized in 1906 by the 
American Railway Association. Nearly all common carriers 
are members of the American Railway Association and comply 
with the rules and regulations issued by the bureau of explo- 
Sives. Inspectors of the bureau of explosives are stationed 
throughout the country to observe, investigate, and report upon 
shipping methods; and common carriers utilize the services of 
these inspectors to enforce regulations and approved practices, 
and to assist shippers. 

39. State and municipal laws and ordinances.—a. In addi- 
tion to the Federal laws governing interstate transportation of 
explosives and other dangerous articles, each State and nearly 
all municipalities, have laws or ordinances regulating the trans- 
portation of explosives and other dangerous articles within 
their jurisdiction. The harbor regulations of the port of New 
York, or port of Baltimore, and city ordinances requiring motor 
trucks or wagons carrying explosives to display a red flag or 
placards, are examples of such State and municipal laws and 
ordinances. 

b. Shipments of explosives and ammunition made by an ord- 
nance establishment will comply with the Interstate Commerce 
Commission regulations, port and harbor regulations, State and 
municipal laws, and bureau of explosives’ recommendations. 
Difficulties encountered in complying with the above will be 
reported in detail to the Chief of Ordnance. 

40. Rail shipments.—The Interstate Commerce Commission 
regulations which govern the transportation of explosives and 
other dangerous articles by rail are essentially safety regula- 
tions and describe in detail how such shipments will be han- 
dled, loaded, braced and stayed, and placarded. (See also 
AR 30-995, Transportation of Supplies.) Bureau of explosives 
pamphlet No. 6 contains data, photographs, and drawings of 
recommended methods of bracing and staying shipments. 
These recommendations, although for commercial explosives 


ORDNANCE SAFETY MANUAL 43 


and other dangerous articles, can be readily adapted to mili- 
tary explosives and ammunition and will be followed when a 
method, such as that set forth in United States Army Specifica- 
tions No. 50-21-4, Packing of Projectiles in Freight Cars, is 
not prescribed. 

41. Water shipments.—The Interstate Commerce Commis- 
Sion is preparing and will publish regulations governing the 
transportation of explosives and other dangerous articles by 
water. Until these regulations become available, however, 
water shipments will be made in accordance with the Inter- 
state Commerce Commission regulations governing rail ship- 
ments, and the port and harbor regulations of the various 
cities and States affected. Shipments overseas will be made in 
accordance with the regulations of the carrier, usually the 
Quartermaster Corps (see AR 380-1270, Transportation by 
Water of Explosives, Inflammables, and Chemical Warfare 
Materials), or the Navy Department. 

42. Motor-truck shipments.—Interstate Commerce Commis- 
sion regulations, in so far as applicable, govern shipments of 
explosives and ammunition in motor trucks. Nearly all States, 
cities, towns, and villages also have laws governing the trans- 
portation of explosives and other dangerous articles within 
their jurisdiction, and these laws will be complied with unless 
it is manifestly impracticable to do so, and then the matter 
will be referred to the Chief of Ordnance for decision. 

43. Special shipping requirements.—a. When explosives and 
ammunition are shipped, the material will be carefully identi- 
fied on the bills of lading or shipping tickets, by caliber, type, 
mark or model number, manufacturer’s name or initials, and 
lot number. 

b. When a shipping order is received for explosives or am- 
munition, the oldest lot on hand should be shipped unless other 
conditions such as serviceability, grade, etc., govern. When lots 
are selected for shipment, care will be used to avoid the accu- 
mulation of a large number of small lots. 

44, Safety regulations for shipments.—a. The commanding 
officer will obtain and keep available for reference the follow- 
ing: (1) Copies of Interstate Commerce Commission regula- 
tions; (2) bureau of explosives pamphlet No. 6; (3) copies of 
State and municipal laws, and port or harbor regulations which 
affect shipments from his establishment. 

b. Any shipment received in a badly damaged condition will 
be reported in detail to the Chief of Ordnance. 
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c. Containers will not be opened or repaired in any car, boat, 
truck, or magazine containing explosives and ammunition. This 
work will be done in buildings specifically designated for such 
work, or in clear weather it may be done in the open, at a dis- 
tance of not less than 100 feet from the magazine, car, boat, or 
truck. 

d. Cars, boats, or motor trucks in which explosives and am- 
munition are received will be inspected by a competent person 
after unloading to see that they are clean and free from loose 
explosives or other infiammable materials, and that explosive 
placards are removed. Explosives sweepings will be destroyed. 

e. During the loading and unloading of cars and trucks the 
brakes will be set and wheels chocked. 

f. Explosives and ammunition will be handled carefully. Bale 
hooks will not be used, and containers will not be tumbled, 
dragged, thrown, or dropped on each other or on the floor. 

g. Roller conveyors and trucks may be used except for hazard- 
ous explosives which may ignite from sparks. Special equip- 
ment, such as conveyors with wooden rollers, trucks with brass 
fittings and with rubber-tired or brass wheels, or other tools 
made of wood or metals which do not cause sparks, will be 
used for handling explosives which may ignite from sparks. 

h. If artificial light other than the regularly installed system 
of lighting is needed to examine shipments of explosives and 
ammunition, only electric lanterns or flashlights will be used. 
In rooms where explosives dust or inflammable vapors may be 
present, only Eveready No. 2695, or other authorized flashlights 
will be used. 

1. If the loading or unloading is not completed during work- 
ing hours, car doors will be closed and locked, or guards will 
protect the shipment. Every effort will be made to avoid leay- 
ing a partially loaded car in a magazine area overnight. 

j. Doors to cars or magazines will be closed when engines 
are passing. 

k. If the loading or unloading is done outside the magazine 
area, fire hazards such as leaves, dry grass, and other inflam- 
mable materials will be removed from the immediate vicinity, 
and fire-fighting equipment must be readily available. 

l. A permanent record of car numbers and seals will be Kept. 

m. Motor trucks used for the transportation of explosives and 
ammunition will be regularly inspected by a competent person 
to see that the electric wiring, lights, brakes, gasoline tanks 
and lines are in good working order and that oil pans under 
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engines are clean. The fire-fighting equipment, carried on the 
truck, will be inspected to see that it is adequate and in good 
working order. 

n. Drivers of motor: trucks and those in charge of convoys 
will be carefully instructed and thoroughly informed regarding 
safety regulations covering the transportation of explosives and 
other dangerous articles. 

Oo. Danger flags and placards will be used when required by 
State or municipal regulations. 
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45. General.—a. The general regulations governing the stor- 
age of military supplies are set forth in AR. 700-10, Storage 
and Issue. This section contains special regu'ations applying 
to the storage of explosives and ammunition at ordnance 
establishments. The regulations contained in Part I of this 
manual pertain mostly to ordnance establishments which are 
primarily ammunition depots and which have magazines similar 
to those described in Section VI. Part III contains regula- 
tions covering the special conditions necessary in manufac- 
turing establishments. 

b. Ordnance ammunition depots and manufacturing arsenals 
which have the older type of magazines or which store only 
limited quantities of explosives and ammunition and which 
can not comply with the regulations set forth herein, will com- 
ply with the spirit of the regulations and endeavor to obtain 
the maximum protection against fire and explosions and to limit 
deterioration to the minimum. (See Sec. II, par. 8a.) Ex- 
plosives and ammunition will not be stored in buildings which 
are used for other purposes or in temporary buildings which 
are not provided with a wood, concrete, or other approved 
flooring to protect the contents from dampness and water. 

46. Storage chart for explosives and ammunition.—The fol- 
lowing table shows the explosives, ammunition, and loaded com- 
ponents which may be stored together: 
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47. Magazine chart.—The following table shows the type of 
magazines to be used for storing explosives and ammunition. 
The grouping together of the items in this table does not author- 
ize any departure from the requirements of paragraph 46 of 
this section, which shows explicitly the items which may be 
stored together: 





| ; 
Item | Preferred storage Permissible storage 


—— 
Demolition bombs..-._....-. In explosives or primer | In amunition or smokeless 
and fuze magazines. powder magazines. 
Chemical ammunition._-.-.-- In explosives or primer | In ammunition or smoke- 
and fuze magazines. less powder magazines. 
Small-arms ammunition, so- | In general warehouses...| In any magazine, prefer- 
dium nitrate, inert ammu- ably those with an un- 
nition, and inert ammuni- limited floor load. 





tion components. 
Black powder, saluting | In_ bullet-proof explo- | In explosives magazines, 


charges, practice bomb i sives magazines. or in primer and fuze, or 
charges. smokeless powder maga- 
zines. 

T. N. T., tetryl, explosive | In explosives magazines.; In primer and fuze, or 
D, and other high explo- smokeless powder maga- 
Sives. zines. 

Smokeless powder, separate | In smokeless powder ! In primer and fuze, explo- 
loading propelling charges, magazines. sives, or ammunition 
pyrotechnics. magazines. 

Primers, fuzes, adapters and | In primer and _ fuze | In explosives or smokeless 


boosters, detonators, blast- magazines. powder magazines. 
ing caps, primer-detona- 
tors, and grenade firing 


mechanisms. 

Fixed H. E. shell, fixed In ammunition maga- | In explosives, primer and 
shrapnel, separate loading zines. fuze, or smokeless pow- 
shell, separate loading der magazines. 


shrapnel, fragmentation 
bombs, trench mortar 
shell, grenades. 








48. Piling and stacking.—a. When a specific method of 
piling or stacking is not prescribed in Part II of this manual, 
explosives and ammunition will be piled or stacked in accord- 
ance with AR. 700-10 and the following special regulations: 

(1) The explosives or ammunition in piles will be segregated 
by lot. ) | 

(2) A space of 2 inches will be maintained between the 
bottom of the pile and the floor to protect the material in the 
pile from water and dampness. 

(3) The methods used for piling and stacking will provide 
for good ventilation to all parts of the pile. Dunnage will be 
used if necessary. 
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(4) Aisles will be maintained so that units in the pile can 
be inspected, inventoried, and removed for shipment or sur- 
veillance tests. 

(5) Partly filled boxes will be plainly marked and ninesd in 
conspicuous places on top of the proper piles. 

(6) Inflammable material, such as dunnage, boxes, etc., will 
be eliminated or reduced to an absolute minimum in magazines 
containing separate loading or unfixed loaded shell and demoli- 
tion bombs. 

49. Temperature control.—a. Stores of explosives and am- 
munition will be protected against sudden changes in tempera- 
ture and extremely high temperatures (over 85° F.). Sudden 
changes in temperature may damage air-tight containers, or 
may result in excessive condensation of moisture in the air. 
If the temperature in a magazine exceeds 100° F. for a period 
of more than 24 hours, the magazine will be cooled by wetting 
the exterior of the building with water or by opening the doors 
and ventilators after sunset and closing them in the morning. 
If these methods do not prove effective in lowering the tempera- 
ture, the commanding officer will decide whether the stores are 
to be removed to some other magazine, and report such cases 
to the Chief of Ordnance. 

b. When the temperature is controlled by opening the doors 
after sunset, effective measures will be taken to protect the 
stores against fires, and provision will be made for closing the 
doors in case of rain. 

50. Safety regulations.—a. Safety regulations which are 
particularly applicable to the storage of explosives and ammuni- 
tion are as follows: 

(1) Containers will be free from loose dirt and grit when 
stored. 

(2) Containers will not be opened or repaired in a magazine. 
This will be done in a building specifically set aside for this 
purpose, or in clear weather, in the open at least 100 feet from 
the magazine. 

(3) Explosives and ammunition in damaged containers will 
not be stored in a magazine. Such containers will be repaired 
or the contents thereof transferred to new or serviceable con- 
tainers. 

(4) Open containers and containers with covers not securely 
fastened will not be allowed in magazines. Containers that have 
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been opened will be closed again as effectively as is required 
upon manufacture. 
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51. General.—a. The term “surveillance” as used herein, in- 
cludes the observation, inspection, investigation, and test (bal- 
listic, chemical, or physical) of explosives and ammunition in 
storage and use; the inspection of the containers and buildings 
in which they are stored; and the inspection of facilities and 
methods used in storing, handling, shipping, maintaining, reno- 
vating, salvaging, and destroying explosives and ammunition to 
insure that they comply with the safety regulations of this 
manual. 

b. The purpose of surveillance is to protect the explosives 
and ammunition (including components) from conditions tend- 
ing to increase deterioration or danger; to determine the state 
and nature of deterioration, and the degree of serviceability ; 
and to detect dangerous conditions, thereby preventing reliance 
being placed upon munitions no longer safe, accurate, or effec- 
tive, and lessening the danger of disaster through accidental 
burning or explosion of such as has become seriously unstable. 

52. Responsibility for surveillance.—a. The Chief of Ord- 
nance exercises general supervision over the surveillance of all 
explosives and ammunition in storage and service; prescribes 
the tests, technical methods, and inspections to be made; and 
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maintains records of the condition of all lots in service and 
storage. 

b. The commanding officer of an Ordnance establishment is 
responsible to the Chief of Ordnance that all ammunition and 
explosives at his establishment are subjected to proper sur- 
veillance ; that the results of surveillance tests and inspections 
are promptly reported; and that the Chief of Ordnance has a 
record by lot number of the condition of all ammunition and 
explosives on hand. 

ec. Picatinny Arsenal, having a well-equipped laboratory and 
especially qualified personnel, is charged with conducting neces- 
sary research and special investigations which are not required 
of the various storage establishments. In view of the special 
nature of the surveillance work required at this arsenal, the 
tests to be made and the equipment and methods to be used are 
not prescribed in this manual. 

53. Surveillance inspectors.—a. The Chief of Ordnance ap- 
points and assigns surveillance inspectors to Ordnance estab- 
lishments, and, when so assigned, they are under the control 
and supervision of the commanding officer as are other em- 
ployees. 

b. Senior surveillance inspectors are men versed in the chem- 
istry of explosives and qualified to conduct chemical and other 
tests required under surveillance work. They are by training 
familiar with the construction, type, uses, and characteristics of 
explosives and ammunition, and, therefore, are men on whom 
commanding officers may place considerable reliance in matters 
affecting the safety of their establishments. 

c. Duties normally required of senior surveillance inspectors 
are as follows: 

(1) To keep constantly informed and the commanding officer 
advised of the safety conditions existing at his establishment. 

(2) To keep intimately informed, by personal observation, of 
methods and conditions prevailing in any work involving ex- 
plosives and ammunition, as, for example, breaking down, re- 
conditioning, renovating, ete., whether done by depot force or 
by contractors, or whether under his superintendence or not, 
reporting any improper or unsafe practices or conditions. 

(3) To maintain and operate the laboratory equipment for | 
testing, and make or supervise the tests as prescribed in this 
manual and by the Chief of Ordnance. 
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(4) To keep complete and accurate records of all tests, ob- 
servations. and the condition of each lot of ammunition. 

(5) To make a formal inspection once each month of each 
magazine, its contents, and surroundings. 

(6) To keep constantly on the alert to observe violations of 
safety regulations or any dangerous practices or conditions, 
making reports to the commanding officer and recommending 
desirable action.” 

(7) To guide, train, and develop junior surveillance inspec- 
tors assigned to the establishment. 

(8) To conduct research work and render technical reports 
on causes of deterioration as required from time to time. 

d. The Chief of Ordnance may assign to selected establish- 
ments one or more junior surveillance inspectors to assist the 
senior surveillance inspector and provide suitable personnel to 
fill vacancies in the grade of senior surveillance inspector or 
ammunition foreman. These men will work with and will be 
trained by the senior surveillance inspector in all his duties so 
that with the additional training which they may receive at 
manufacturing arsenals, at the proving grounds and with am- 
munition foremen, they may qualify as senior surveillance in- 
spectors or ammunition foremen. Commanding officers of estab- 
lishments to which junior surveillance inspectors are assigned 
will watch the progress made by them and will make a prompt 
report to the Chief of Ordnance if any man appears to be in- 
capable of qualifying for advanced grades. 

54. Surveillance laboratory and equipment.—-At each estab- 
lishment where large quantities of explosives and ammunition 
are stored and where a surveillance inspector is assigned, there 
will be provided a surveillance laboratory and suitable equip- 
ment for making the surveillance tests prescribed in this man- 
ual and by the Chief of Ordnance. Drawings of an approved 
‘laboratory building (No. 19-20-10) are maintained in the office 
of the Chief of Ordnance, and where alterations are made to 
existing buildings to provide a suitable laboratory, such altera- 
tions should, if practicable, follow the general principle of de- 
sign prescribed. Equipment suitable to make 65.5° C. and 
135° C. tests will be permanently installed, and such accessory 
apparatus needed for analytical or other tests of explosives will 
be kept on hand. The design of special equipment, such as ovens, 
baths, accessories, etc., has been standardized by the Ordnance 
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Department and procurement of such items will be made only 
after requisitions have been approved by the Chief of Ordnance. 
55. Surveillance tests and inspections.—a. The tests and 
inspections which govern the surveillance of explosives and 
ammunition at ordnance establishments are set forth in follow- 
ing paragraphs of this section and in special instructions from 
the Chief of Ordnance. The general regulations governing the 
surveillance of explosives and ammunition are as follows: 

(1) Each lot and each kind or type of explosives and ammuni- 
tion, not identified by lot number, will be inspected once each 
year. This inspection will include not only an examination of 
the containers, but also of the contents of a number of repre- 
sentative containers. Signs of deterioration such as rust, cor- 
rosion, exudation, discoloration, etc., will be carefully noted 
and reported to the Chief of Ordnance with the annual report 
of ammunition and ammunition components. This report will 
show the number or amount examined, the Kind of deterioration, 
and number showing such deterioration, so that an estimate 
can be made of the percentage of the lot thus affected. 

(2) In making inspections containers will not be opened in 
the magazine in which they are stored. They may be opened 
in a near-by empty magazine or, in suitable weather, in the 
open at a distance of not less than 100 feet from the magazine. 
If possible, they should be removed to a suitable building where 
good facilities exist for examination and inspection and for 
repacking after inspection. Containers opened for inspection 
will be effectively closed or resealed, preferably in the manner 
in which they were originally closed or sealed. However, metal 
containers which can not be readily resoldered may be sealed 
with a strip of surgeons’ adhesive tape and acid-proof black 
paint. Containers opened for inspection will be suitably tagged 
or marked so that they will not be opened again for inspection 
until all other containers in the lot have been inspected. 

(3) Each lot of bulk powder, each lot of propelling charges, 
and each lot of powder assembled in fixed ammunition and 
small-arms animunition will be subjected continuously to the 
violet paper observation test (Sec. XI); and at those estab- 
lishments which have the necessary laboratory equipment the 
135° C. and 65.5° C. surveillance tests will also be made. The 
results of the violet paper observation test will be observed 
once each month. 
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(4) Each lot of loaded ammunition and loaded components 
will be subjected to periodic ballistic or firing tests. ‘These 
tests will be made in accordance with programs prepared by 
the Chief of Ordnance and at such places as may be designated. 

(5) Special chemical, physical, and ballistic tests will be 
made to check the condition of any ammunition or explosives 
which may become dangerous to store, or to determine the 
causes of deterioration. These tests will usually be made in 
accordance with specific directions from the Chief of Ordnance. 

56. Bulk explosives.—a. Since black powder deteriorates 
with the absorption of moisture, and the cans in which it is 
stored are subject to rust, a thorough inspection of this ma- 
terial in storage will be made at least once each year. One or 
more containers from each lot will be opened (see par. 
55-a—(2)) at the time of the annual inspection, and if there is 
any doubt as to the serviceability of the powder the Chief of 
Ordnance will be notified of the existing conditions. 

b. The containers in which T. N. T., tetryl, explosive D, and 
other military explosives are stored will be inspected for de- 
terioration at least once each year. If the containers show 
signs of deterioration, one or more will be removed from the 
magazine and the contents carefully examined. If any doubt 
exists as to the serviceability of the material a full report of 
the examination will be forwarded to the Chief of Ordnance. 

c. Necessary tests of black powder or of high explosives will 
be made at Picatinny Arsenal, in which case, instructions for 
sampling will be furnished by the Chief of Ordnance. No 
tests of black powder or high explosives are prescribed for 
storage depots. 

57. Smokeless powder.—a. The surveillance of smokeless 
powder in bulk and in propelling charges includes: 

(1) A monthly inspection of each magazine in which smoke- 
less powder is stored, to insure that all conditions are normal ; 
that the atmosphere is not damp nor the temperature continu- 
ously above 85° F.; that the violet-paper test samples (see Sec. 
XI) do not show signs of deterioration; and that the con- 
tainers are tight, aS evidenced by absence of strong odors of 
ether, alcohol, or nitrous fumes. 

(2) The testing of representative samples from each lot of 
powder in accordance with the specifications contained in Sec- 
tion XI for the N/10 methyl! violet paper observation test, the 
65.5° C. surveillance test, and the 185° C. heat test. Except for 
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the master surveillance sample at Picatinny Arsenal, smokeless 
powder in normal storage, whether in bulk, charges, or fixed 
ammunition, need not be tested until five years have elapsed 
from the date of manufacture. 

(3) Special tests and investigations directed by the Chief 
of Ordnance. 

(4) Periodic stability tests conducted on master samples from 
all lots remaining in service. These master samples are stored 
and tested at Picatinny Arsenal to serve as checks on the con- 
dition of the various lots of powder, and to furnish information — 
beyond that which is obtained from the results of the routine 
tests prescribed for storage establishments. 

b. The requirements for inspections and tests listed in para- 
graphs 57-a-(1), (2), and (3) above, will be complied with 
at all ordnance establishments having surveillance labora- 
tories. At other ordnance establishments, the requirements of 
subparagraph 57-a—(1) will be observed, and report will be 
made to the Chief of Ordnance of any conditions other than 
normal. 

c. Small-arms powders, F. N. H. powders, and cordite or 
other nonstandard powders will be subjected to the same in- 
spections and surveillance tests as are prescribed for smokeless 
powder for cannon. In some cases it is necessary that the 
results of surveillance tests be interpreted differently from the 
usual standards, and any unusual results will be reported to the 
Chief of Ordnance who will furnish such special instructions 
as may be required. 

58. Small-arms ammunition.—a. The surveillance of small- 
arms ammunition includes the following: 

(1) An inspection once each year of representative cartridges 
from each lot and each kind of small-arms ammunition in stor- 
age. It will consist of a visual inspection of the containers, 
marking, packing, and individual cartridges to detect signs of 
deterioration such as season cracks, corrosion, loose bullets, etc. 
The defects, which are apparent on visual examination, are 
described in TR. 1850-A. This inspection will be made at all 
ordnance establishments which maintain, for issue to the using 
arms and services, a stock of small-arms ammunition. Two or 
more boxes from each lot will be opened, and 200 cartridges will 
be removed from each box and closely examined for visible 
defects. A record will be made of the total number of car- 
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tridges examined, the kind of defects, and the total number of 
defective cartridges. Ammunition which is not identified by lot 
numbers, such as caliber .22 ammunition, shotgun shell, etc., 
will be inspected as outlined above by selecting samples from 
two or more boxes of each type or kind, made by each manu- 
facturer. When this visual inspection shows that the per- 
centage of defective cartridges exceeds 20 per cent, the lot will 
not be issued until further instructions have been received from 
the Chief of Ordnance. 

'(2) Tests, as specified in Section XI, of the powder in each 
lot of caliber .30, caliber .45, and caliber .50, ball, A. P. and 
tracer ammunition. The violet paper test will be made at all 
Ordnance establishments, but the 135° C. and 65.5° C. tests will 
be made only at those establishments where surveillance in- 
spectors are stationed or suitable equipment for making the 
tests is maintained. Samples for the tests should be selected 
at the time the visual inspection is made. The powder sample 
should be from rounds taken from two or more boxes. Rounds 
used for surveillance tests will be dropped as expended in 
official tests. Powder in ammunition such as caliber .22, shot- 
gun shell, etc., for which surveillance tests are not prescribed, 
but which show signs of deterioration, will be subjected to such 
special firing and surveillance tests as the Chief of Ordnance 
may direct. 

(3) Firing tests once each year of representative samples 
from each lot of caliber .30, caliber .45, and caliber .50, ball, 
A. P. and tracer ammunition. These firing tests are usually 
made at Frankford Arsenal. They include velocity tests, pres- 
sure tests, accuracy tests, tests for hangfire, and functioning 
tests in both machine guns and rifles. The results of these 
tests are carefully considered, in connection with other records 
of performance, to determine the grade to which each lot of 
ammunition should be assigned. The determination of grade is 
made by the Chief of Ordnance and published in Ordnance 
Field Service Bulletin No. 3-5. 

(4) Special inspections and firing tests as may be prescribed 
by the Chief of Ordnance. 

59. Fixed and semifixed ammunition.—a. The surveillance 
of fixed or semifixed ammunition includes the following: 

(1) An inspection each year of each lot in storage. An ex- 
amination will be made of the packing boxes and a detailed 
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examination of at least five rounds taken from two or more 
boxes, to detect signs of rust, corrosion, exudation, projectiles — 
loose in cartridge cases, defective or deteriorated individual 
metal! or fiber containers, ete. Containers will not be opened in 
a magazine, and, after inspection, they will be effectively closed. 
A record of the defects noted will be reported to the Chief of 
Ordnance. . 

(2) A test each year of a representative sample of powder 
taken from each lot of fixed ammunition. The violet-paper test 
will be conducted at all Ordnance establishments and the 
65.5° C. and 185° C. tests at all establishments which have 
equipment for making such tests. Tests will be made and 
Samples will be selected in accordance with the instructions 
contained in Section XI of this manual. 

(3) Periodical firing tests of representative samples from each 
lot. These tests are made under the directions of the Chief of 
Ordnance, who will furnish the necessary instructions for ship- 
ping samples to Aberdeen Proving Grounds or such other places 
as he may designate. 

(4) Special ballistic and surveillance tests as may be directed 
by the Chief of Ordnance. 

60. Separate loading projectiles.—a. Each lot of separate 
loading projectiles will be carefully inspected each year for 
rust, exudation, and other signs of deterioration. This inspec- 
tion will include the removal of some of the fuze hole closing 
plugs and a thorough examination of the fuze cavity. The 
results of such inspection will be reported to the Chief of 
Ordnance with an exact description of the condition of the lot. 

b. Periodically a ballistic or firing test will be conducted with 
representative samples from each lot. These tests are made 
under the direction of the Chief of Ordnance, who will furnish 
the necessary instructions for shipping samples to Aberdeen 
Proving Ground or other designated places. Tests for range 
and accuracy and for functioning are made under approxi- 
mate service conditions. 

61. Bombs.—a. Each lot of bombs in storage will be in- 
spected each year for rust, exudation, and other signs of 
deterioration. Bombs, which are stored in boxes, will be in- 
spected by opening two or more representative boxes and 
examining the bombs contained therein. Particular attention 
will be paid to the fuze cavities and threads to see that they 
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are not rusty. If boxes in which bombs are stored sk 
stains, they will be opened to see if the bomb is exud 
thereby creating a dangerous fire hazard. The cond 
each lot of bombs, aS determined by the yearly inspecti 
be reported to the Chief of Ordnance. 

b. In addition to the inspection prescribed above, | 
ballistic tests of representative samples from each lot 
made in accordance with the instructions of the Chief 
nance. These are usually made at the Aberdeen 
Ground or such other places as the Chief of Ordnan 
designate. 

62. Fuzes, primers, ietenaters. 4 and boosters.—a. E 
of fuzes, primers, detonators, adapters, and boosters, an 
similar loaded components, will be inspected once eac 
for signs of deterioration, such as rust or corrosion. In. 
this examination one or more representative boxes ' 
opened and the components removed from the metal cont 
After examination the boxes will be resoldered or effe 
resealed with surgeons’ adhesive tape and acid-proof 
paint. Any defects found “ be noted and reported 
Chief of Ordnance. 

b. In addition to the inspection prescribed above, firin. 
of representative samples from each lot in store will be 
periodically. These tests include functioning, time acti 
lay, etc., and are made under the direction of the Ch 
Ordnance, who prescribes the places and specificatiot 
each. 

63. Trench-mortar ammunition and grenades.—a. Ha 
of trench mortar shell will be inspected each year. T 
more boxes, depending on the size of the lot, will be c 
and the contents carefully examined. Signs of deterio 
will be reported to the Chief of Ordnance. The powde: 
tained in the propelling rings will be subjected to the 65 
surveillance test. (See Sec. XI.) 

b. An inspection of each lot of grenades and each | 
grenade fuzes will be made each year. Representative 
of the lot will be opened and five or more grenades or gr 
fuzes will be examined for signs of deterioration, such as 
or corrosion. 

c. Firing tests are conducted periodically with represent 
samples from each lot. These tests are made in accor 
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with the instructions of the Chief of Ordnance and at such 
places as he may designate. 

64. Pyrotechnics.—a. Each lot of pyrotechnics will be in- 
spected at least once each year. This inspection will include 
an examination of packing boxes, containers, and of five or 
more individual pyrotechnics. The samples examined will be 
carefully repacked and protected against deterioration. 

b. A firing test of representative samples from each lot will 
be made periodically. These firing tests are mainly function- 
ing tests and, where practicable, will be made at the ordnance 
establishment where they are stored, in accordance with spe- 
cific instructions furnished by the Chief of Ordnance. Certain 
pyrotechnics, such as flares, will be forwarded for test to 
proving grounds or other designated places. 

65. Chemical ammunition.—a. Magazines in which chemical 
ammunition is stored will be inspected at least once each 
month by the surveillance inspector or some other designated 
responsible person. A careful examination will be made for 
leaks and other signs of deterioration, and once each year a 
report will be made to the Chief of Ordnance, containing a 
brief but accurate description of the condition of the ammuni- 
tion in the lot. If a leaky container is discovered a special 
report will be made to the Chief of Ordnance, giving the fol- 
lowing data: 

(1) Type. 

(2) Lot number. 

(3) Date discovered. 

(4) Detailed information as to the nature of the leak, and 
whether it appeared to have been caused by defective material 
or improper handling or packing. 

(5) Disposition, or, in the event that immediate disy:osition 
is not required, recommendations for such disposition. 

b. Chemical ammunition stored longer than one year will 
usually be subjected to a firing test in accordance with instruc- 
tions furnished by the Chief of Ordnance. 

66. Unloaded metal components.—a. Metal components wil) 
be watched in the same careful manner as loaded ammunition. 
Each lot and each pile will be inspected each year to see that 
the piles are stable, that containers are in good condition, and 
that the components themselves do not show signs of deterio- 
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ration. <A percentage inspection of the components in each pile 
will be made in accordance with the following instructions: 

(1) The components will be examined carefully for signs of 
rust, corrosion, deformation cracks, ruptures, ete. Cartridge 
cases, detonator caps, and other similar parts often develop 
cracks as they age. If the component is an assembly of several 
parts it will be disassembled sufficiently to permit an examina- 
tion to be made of each part. 

(2) Particular attention will be paid to threads and interior 
cavities, such as those in boosters and shells. The components 
will be removed to a suitable room or building where an exami- 
nation can be made in good light, if necessary. 

b. When the components are examined, ordnance drawings 
and specifications will be consulted and the principal dimen- 
sions will be checked to see that they agree with the drawings. 
Certain parts, such as adapters and boosters, and fuzes, which 
must be assembled with other components to form a complete 
round of ammunition will be gaged for concentricity and to see 
that they will fit into the other components properly. 

c. The nomenclature used on inventories, etc., to identify the 
component will be checked to see that it is correct and in accord- 
ance with Ordnance drawings. Inventories will show the name, 
mark, or model number, drawing number, and, when the compo- 
nent is an assembly such as fuze, adapter and booster, etc., with 
parts such as detonator caps, arming casings, fuze sockets, miss- 
ing, the piece mark numbers of the parts composing the incom- 
plete assembly will be added. ‘The data referred to above are of 
importance, for it is essential that there be available a record 
of the parts that would have to be supplied in case the compo- 
nents were to be loaded during an emergency. 

d. The number of components in a lot or pile, the number ex- 
amined, and the defects noted will be recorded, in order that a 
report can be forwarded to the Chief of Ordnance whenever 
directed. . 

67. Reports and records.—a. On the last day of each month 
the surveillance inspector will render a complete report of 
operations performed by the surveillance force during the month 
to the commanding officer, who will forward it to the Chief 
of Ordnance by indorsement. The Chief of Ordnance desires 
the report to contain expressions of independent opinions on 
technical matters. The body of the report will include brief 
statements covering the following: 
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(1) Specific accomplishments during the month. 

(2) Progress made on special projects. 

(3) New work. 

(4) Number of powder tests completed during the month. 

(5) Unsatisfactory conditions discovered and progress made 
in their correction. 

(6) Unusual developments in routine surveillance tests. 

(7) Statement of magazines and explosives and ammunition 
inspected during the month, with general note as to condition. 

(8) Chart showing the daily maximum and minimum tem- 
peratures in the shade during the month. 

b. All results of surveillance tests of smokeless powder will 
be reported to the Chief of Ordnance on Ordnance Office Form 
5990, but, when the average sample of any lot of powder gives 
a 65.5° C. test of less than 30 days for the first time, a special 
report will also be made by letter. To be of the most value, 
reports submitted on a lot of powder should contain the results 
of both the 65.5° C. test and the 185° C. test. To do this, it is 
advisable to make the 135° ©. test while the 65.5° C. test is in 
progress. All routine tests will be reported within 30 days 
from the completion of the test and will be forwarded with the 
regular monthly report of the surveillance inspector. 

c. Upon the completion of any important phase of surveillance 
work, entry will be made on appropriate test cards and for- 
warded to the Chief of Ordnance. This includes the results of 
laboratory tests, special investigations, functioning tests, etc. 

d. In addition to the monthly and routine reports, a report 
is required at the time the yearly list of ammunition lot num- 
bers is submitted which will show the condition of each lot of 
ammunition on hand and its suitability for issue. 

e. Each ordnance establishment will keep an up to date record 
which will show for each lot of explosives and ammunition the 
lot number, quantity, location, and condition. 

f. A strict system of laboratory records will be maintained, 
which will include a tabulation of tests made, investigations 
conducted, temperatures of magazines, and other technical data 
relating to surveillance. 

g. Each senior surveillance inspector will keep in the labora- 
tory files a written record of all violations of safety regulations 
showing full details as to time, place, and nature of the viola- 
tion, time reported by the surveillance inspector, name of the 
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person to whom reported, and the action taken on the repurt as 
determined by subsequent inspections by the surveillance 
inspector. 

Secrion XI 


STABILITY TESTS OF SMOKELESS POWDER 


Paragraph 
General eee sce mo ee ee ee eee ese eee ae 68 
Sampling of smokeless powder in bulk__-----------------------~- 69 
Sampling of smokeless powder in propelling charges___.-------___ 7 
Sampling of smokeless powder in small-arms ammunition______--~~ 71 
Sampling of smokeless powder in fixed ammunition.__-_-__---_-~~ 72 
Visually deteriorated powder grains______--___-___~-_----__---~- 73 
Violet paper observation test__-___--_-.----------_----------~- T4 
Mheci30° -C\ Heat est. 202. ee a ee ee eee eee eS (o) 
The 65.5° C. surveillance test_________--------------_---------~- 76 


68. General.—a. Any nitrocellulose powder will gradually de- 
compose at high temperatures, and as the temperature increases 
above 70° F., the rate of decomposition increases with corre- 
sponding rapidity. At ordinary temperatures, such as are found 
in magazines, the decomposition of serviceable powder is very 
slow; but it may be expected that any smokeless powder will 
deteriorate in the course of time. As decomposition proceeds, 
the ballistic qualities of the powder become impaired, and the 
decomposition gradually continues to the point where spontane- 
ous ignition may occur. 

b. In order to estimate the remaining life of smokeless powder 
so that it may be issued and used while still serviceable; and, 
of greater importance, to insure protection of life and property 
by the withdrawal of powder from service before it becomes 
dangerously deteriorated, it becomes necessary to conduct 
periodic tests on each lot to determine its stability. Such tests 
are obviously essential, and their value depends largely on the 
care with which they are performed. Uniformity of procedure 
throughout the process of selecting samples and conducting the 
various tests, as prescribed in the following paragraphs of this 
section, enables the test results from widely separated locations 
to be compared with accepted standards, thus insuring uniform 
and accurate data upon which the Chief of Ordnance may base 
the necessary action in each case of progressive deterioration. 

c. Personnel charged with the responsibility of inspecting and 
testing powder in storage Should be familiar with the character- 
istics of decomposing powder. This can be done by noting the 
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changes which take place in a sample of powder (one or two 
ounces of small-grain powder) exposed to moisture and then 
placed in the sun or near some artificial source of heat where 
its ignition will not be a source of danger. Frequent observa- 
tions will show that decomposing powder has a characteristic 
acrid odor of nitrous fumes in lieu of the normal odor of ether 
and alcohol, and that the inside of the container usually has a 
reddish or orange appearance. 

69. Sampling of smokeless powder in bulk.—a. The methods 
of selecting samples as specified below are primarily for ord- 
nance establishments which maintain surveillance laboratories, 
but the same general principles should be observed in obtain- 
ing small samples of powder such as are required for the 
violet paper observation test. 

b. From each lot of powder, select at random two or more 
containers which are representative of the conditions under 
which the powder is stored. Remove several pounds of powder 
from each of these containers by thrusting the arm down into 
the box and obtaining a handful from various parts of the con- 
tents. Hands must be clean and dry, or clean gloves must be 
used, when handling powder for samples. 

c. Weigh and carefully record the amount of powder removed 
from each container. Spread gut this powder in a shallow 
receptacle, or on a clean cloth, and blend it thoroughly by 
mixing. Examine the powder carefully, and if no signs of 
deterioration are noted, select a sufficient quantity for the tests 
to be made. 

d. If the powder shows signs of deterioration, as evidenced 
by grains with yellow or orange discoloration, samples will 
be selected as described in paragraph 73 below. The number 
of visually deteriorated grains per pound will be determined 
and recorded for submission with the test results. 

e. Weigh each sample carefully and place it in an air-tight 
container, such as a glass fruit jar, for transfer to the surveil- 
lance laboratory. Mark each sample with the lot number, 
magazine number, date, and initials of the person selecting 
the sample. Test tubes and bottles in which samples are 
placed will be carefully washed and dried so that they are clear 
and clean. Distilled water should be used, if possible, and 
drying should be done by the application of heat rather than 
by wiping with a cloth. 
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f. Replace the powder thus selected for test with an equal 
amount of powder from the short-weight box of the same lot 
designated as replacement powder, returning to each container 
an amount of powder equal to that removed for sampling. At- 
tach to each container sampled a linen tag showing the inspec- 
tor’s initials and the date of sampling, so that this particular 
container will not be opened again until all other containers 
in the lot have been sampled. If there is no replacement 
powder available, select one container from the lot and mark 
it conspicuously as replacement powder by attaching securely 
thereto a linen tag upon which the words “ replacement powder ” 
appear. Provide a space on this tag for entries showing the 
date, amount of powder removed, and inspector’s initials. Do 
not remove this box of replacement powder from the magazine, 
but store it so that it is subject to the same conditions as the 
rest of the powder in the lot. 

70. Sampling of smokeless powder in propelling charges.— 
a. Propelling charges for separate loading ammunition will be 
sampled in exactly the same manner as prescribed for bulk 
powder in paragraph 69 above, with the following exceptions: 

b. Two or more containers will be selected for sampling and 
the powder will be removed from the charge by cutting the 
seam at one end of the bag just enough to remove the powder 
required. After the replacement powder has been returned to 
the charge the bag will be resewed and the wrapping or lacing, 
if it has been disturbed, will be carefully replaced. Charges 
packed in fiber containers will be subjected to the same sur- 
veillance tests as those prescribed for the charges in metal 
containers and charges that are sampled will be repacked in 
metal containers. When samples are selected a careful exami- 
nation of the containers, which are opened, will be made to 
insure that there is no discoloration of the bag or container, 
due to decomposing powder. 

71. Sampling of smokeless powder in small-arms ammuni- 
tion.—a. Smokeless powder from small-arms ammunition will 
be subjected to the same tests as are prescribed in the follow- 
ing paragraphs of this section for smokeless powder for 
cannon. 

b. A sufficient number of cartridges will be disassembled to 
provide the required amount of powder for the tests to be 
made. These cartridges will be taken from two or more boxes, 
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selected at random, as representative of the lot. It is not 
unusual to find deteriorating powder in season-cracked car- 
tridges while that contained in uncracked rounds of the same 
lot is entirely serviceable. In order to eliminate the possibility 
of condemning small-arms ammunition on the basis of stability 
tests which do not truly represent the condition of the powder 
in the serviceable cartridges of a lot, test samples will be 
selected only from serviceable-appearing cartridges. Tests con- 
ducted for any purpose on powder from cracked cases will be 
carefully marked as such. 

72. Sampling of smokeless powder in fixed ammunition.— 
a. Smokeless powder contained in fixed ammunition will be 
sampled in exactly the same manner as prescribed for bulk 
powder in paragraph 69 above, with the following exceptions: 

b. One round of ammunition will be selected at random from 
each of three boxes which are representative of the lot. These 
rounds should be removed from the magazine and disassembled 
with care. (Fixtures for disassembling ammunition will be 
furnished by the Chief of Ordnance if suitable equipment is 
notvavailable.) After selecting sufficient powder for the tests 
to be made, the balance will be destroyed. 

73. Visually deteriorated powder grains.—a. Whenever the 
examination made in accordance with paragraph 69-c above 
shows the presence of visually deteriorated grains, the stability 
of that lot of powder is questionable and requires a most thor- 
ough examination and test. The fact that certain lots contain 
grains of different colors, such as black and also light amber, 
should not lead to the belief that the light-colored grains are 
unstable, but grains which show a decided change in color in 
spots or patches should be regarded as questionable. The most 
common indication of deterioration is the appearance of red- 
dish-yellow spots which gradually spread over the surface of the 
grain in the course of time until the whole grain eventually 
acquires the same color. When this orange color has progressed 
for some time the surface involved on the grain becomes brittle 
and friable, often showing small cracks, while the normal gloss 
disappears and the surface appears dry and dead. When this 
condition is once recognized there is no reason for future ques- 
tion, as the evidence is characteristic and unmistakable. Per- 
sons making inspections of smokeless powder should familiarize 
themselves with the appearance of the above-described deterio- 
rated grains in order that misleading reports may be avoided. 
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b. When visually deteriorated grains are present, two sets of 
samples will be selected for teSts; i. e., a hand-picked sample of 
questionable grains and a hand-picked sample of normal appear- 
ing grains. Whenever the hand-picked sample of questionable 
grains is not sufficient to conduct the usual 65.5° C. surveil- 
lance test the sample will be subjected to the 135° C. heat test. 
When tests are mnude the sample containing visually deterio- 
rated grains should show very low results as compared with 
the second sample of normal grains. Such comparison of tests 
is necessary to insure that the questionable grains are of im- 
paired stability and are not merely normal grains of a different 
physical appearance. 

c. Owing to the fact that the presence of a few badly deteri- 
orated grains in a sample will cause results as low as one or two 
days in the 65.5° C. test or as low as 5 or 10 minutes in the 
185° C. test, while a considerable percentage of deteriorated 
grains may be present without seriously impairing the ballistics 
or safety of the powder, decisions as to the disposition of the 
lot must be based upon the percentage of deteriorated grains 
in the powder. It is essential, therefore, that test reports show 
the number of deteriorated grains per pound; and it is equally 
important that proper distinction be made between normal and 
deteriorated grains and that only the number of actually deteri- 
orated grains be reported. 

74. Violet paper observation test.—a. The result of the de- 
composition of nitrocellulose powder is the evolution of oxides 
of nitrogen, which, if not immediately absorbed by stabilizers, 
will be given off in the form of gases. These gases are strongly 
acid and will attack materials like metal or cartridge bag cloth. 
They also possess oxidizing properties. and this fact is taken 
advantage of in the violet paper test, as the coloring material 
of the paper, methyl violet, is decolorized by the oxides of nitro- 
gen. The strips of methyl violet paper are of standard size 
and contain a definite amount of the coloring material. These 
paper strips, when exposed to the gases given off by the decom- 
position of a sample of powder, will absorb a definite amount 
of oxides of nitrogen, and the coloring material in the paper 
will gradually fade to faint violet, then to blue, and finally 
white. The time required for total loss of color is an indica- 
tion of the relative rate of decomposition of the powder. 

b. The object of the violet paper test is to give warning of 
powders requiring special surveillance. It can not be regarded 
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as a definite quantitative test to the same extent as the 65.5° C. 
test, but it is a simple test which can be readily made without 
special equipment. 

c. Six ounces of powder from the lot to be tested will be 
placed in a clean, dry, 8-ounce glass-stoppered bott:e. On top 
of the powder in the bottle will be placed one strip of N/10 
(tenth normal) methyl violet paper upon which the date is 
marked in lead pencil. The bottle will then be closed tightly 
and stored in the magazine with the lot of powder which it 
represents. A suitable storage space, preferably in the warm- 
est part of the magazine, will be provided and the sample will 
be shielded from bright sunlight. 

d. This sample will be examined once each month, without 
removing the stopper, to see if any change in the color of the 
paper has taken place. With serviceable powders stored at 
ordinary temperatures the paper does not usually bleach within 
a period of two months. A marked change within 30 days, 
however, is taken as a warning of deterioration and the 
65.5° C. surveillance test will be made as a check. 

e. The test will be run continuously and new samples will be 
selected each year. Papers, which lose color gradually, may 
remain in the bottle until they are completely bleached, but 
papers which show a marked change in color will be replaced 
every two months. 

f. AS the decomposition of nitrocellulose powder depends to 
a very large degree on the temperature to which the powder is 
subjected, so the duration of the violet paper test is dependent 
on the temperature existing during the test. The violet paper 
test of two months specified above for serviceable powder is 
intended as a minimum under the average temperature condi- 
tions obtaining in the magazines. The total loss of color of 
violet paper should be checked by examination in good light 
and comparison with prepared standards. 

g. The N/10 methyl violet paper used in this test is sup- 
plied by Picatinny Arsenal. When a supply is received care 
will be taken to keep it clean and dry. It will be placed in 
tight, opaque, glass-stoppered bottles and stored in a dark place. 

h. In addition to the observation samples in each magazine, 
ordnance establishments which maintain surveillance labora- 
tories should keep a sample of each lot of powder in the surveil- 
lance laboratory or other suitable place where it can be sub- 
jected continuously to the violet-paper test. These samples 
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may be of value if the powder stored in the magazine should 
be destroyed by fire. 

4. When a complete lot of powder is shipped the observation 
samples will be shipped with it and the tests on that lot will 
be discontinued. 

75. The 135° C. heat test.—a. The object of this test is to 
provide a quick test which will give an indication of the sta- 
bility of a lot of smokeless powder in less time than it takes 
to make the 65.5° C. surveillance test. It can not be regarded 
as a definite quantitative test to the same extent as the 65.5° C. 
surveillance test, and is usually made to supplement the latter. 

b. A sample of the powder will be kept overnight at room 
temperature, after which 2.5 grams in whole grains will be 
placed in each of two test tubes of heavy glass about 290 milli- 
meters long, 18 millimeters outside diameter, and 15 milli- 
meters inside diameter. Large grains of powder will be turned 
down on a lathe until they fit snugly into the tube. A piece 
of standard normal methyl violet paper, 70 millimeters long 
and 20 millimeters wide, will be placed in each tube with its 
lower edge approximately 25 millimeters above the powder. 
The tube will then be closed with a cork stopper through which 
a hole 4 millimeters in diameter has been bored. - 

c. The constant temperature bath will be carefully regulated 
so that the temperature is 184.5° C, (+0.5° C.) and then the 
tubes will be placed in the bath so that not more than 6 or 
7 mm. of their length projects. The time of starting will be 
recorded and, after a period of 20 minutes has elapsed, the 
samples will be examined every 5 minutes by withdrawing the 
tubes from the bath for about half their length and then 
quickly replacing them. As the test proceeds the time required 
to obtain each of the following changes will be recorded: 

(1) A complete change in the color of the normal methyl 
violet paper to a standard salmon pink. With a normal 
powder this does not usually occur in less than 60 minutes 
and the change usually takes place within a period of 5 minutes. 
The time to be recorded is noted at the end of the 5-minute 
period during which a complete change occurs; e. g., if the 
color starts to change at 55 minutes and is complete at the 
end of 60 minutes the end point to be recorded is 60 minutes. 

(2) The appearance of reddish brown fumes in the test tube. 
With a normal powder this does not usually occur in less than 
85 minutes but may vary considerably. 
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(3) When the above data have been obtained the samples 
are allowed to remain in the bath without further examination 
until five hours have elapsed, unless the sample explodes, in 
which case, the time of the explosion will be recorded. The 
test is discontinued at the end of five hours or when an 
explosion occurs. 

d. When normal results, such as those outlined above, are 
obtained, this test is considered satisfactory, but erratic results | 
are sometimes obtained with powder which is stable in the 
65.5° C. surveillance tests. If erratic results are obtained, a 
full description will be reported by letter to the Chief of Ord- 
nance giving all the details and data bearing on the test. The 
powder will be watched carefully until the results of test have 
been analyzed by the Office of the Chief of Ordnance and 
further instructions are furnished to the establishment con- 
cerned. | | 

e. The standard normal methyl violet paper used in this test 
differs from the tenth normal (N/10) methyl violet paper used 
in the violet paper observation test, in that it contains 10 times 
more coloring matter. The paper is furnished in a standard 
size, 20 millimeters wide and 70 millimeters long. It will be 
kept dry and will be stored in tight bottles of dark-colored 
glass. It will not be exposed to sunlight. To insure uniform- 
ity of test results, all methyl violet paper is prepared in the 
same laboratory, and Picatinny Arsenal.is designated as the 
source of supply. 

f. The results of the above-described test will be reported to 
the Chief of Ordnance on O. O. Form 5990, as prescribed in 
paragraph 67-b of Section X. 

76. The 65.5° C. surveillance test.—a. This is considered 
the most reliable test for determining the actual stability of a 
given sample of smokeless powder and, if conditions are con- 
stant, the results obtained are practically duplicated on tests 
made at different times unless some change has taken place 
in the powder sample. An increase in moisture content or 
decrease in the solvent content of the powder or actual decom- 
position in the powder will all affect results by reducing the 
time of tests. Variable results are caused also by the presence 
of individual deteriorated grains in a sample which is other- 
wise normal. The violet-paper test and the 135° C. test may 
be expected to indicate an unstable powder which is rapidly 
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decomposing, but they can not furnish quantitative data regard- 
ing the stability and rate of decomposition of powder which is 
still serviceable. 

b. To obtain this necessary quantitative data regarding the 
stability of a given powder, advantage is taken of the fact that 
the rate of decomposition of smokeless powder is much greater 
at elevated temperatures than at normal atmospheric tempera- 
tures. The decomposition of the powder to be tested is ‘“‘ forced” 
by subjecting it to a constant artificial temperature of 65.5° C. 
(150° F.), and the time required by a standard sample of the 
powder to give off a standard visible amount of nitrous oxides 
(products of decomposition) is noted. This test is known as 
the 65.5° C. surveillance test, and the result expressed in 
“days” serves to give a definite measure of the stability of the 
powder. Successive surveillance tests show the rate of decom- 
position of the powder and form the basis of the data on which 
lots of powder are condemned and withdrawn from service. 

c. Five whole grains (for large-grain powder) or 45 grams 
in whole grains (for small-grain powder) will be selected and 
placed in a tight glass-stoppered bottle. The lot number of the 
powder and the date of commencing the test will be written on 
the bottle. The bottle will then be placed in the constant- 
temperature surveillance oven and will be subjected to a tem- 
perature of 65.5° C. (1° C.) continuously for 60 days, or until 
- the presence of reddish fumes is noted in the bottle at the daily 
examination. The time of the test will be recorded as 60 days 
plus, or the elapsed time (in days) to the appearance of reddish 
fumes. 

d. The bottles used in this test are 8-ounce glass-stoppered 
bottles, thoroughly washed and dried. Each bottle should have 
its stopper ground in carefully with fine emery and a solution 
of camphor and turpentine. The stopper is then secured to its 
bottle by a string, but this string must not be used to tie down 
the stopper while the bottle isin use. Sealing wax will not be 
used on the bottles. If the bottles are not etched when re 
ceived so that they can be marked with powder lot number 
and date, a space can be provided for this purpose by ‘roughing 
the surface slightly with an emery wheel, or special wax 
erayons can be used. 

e. The 65.5° C. test will be made in accordance with the fol- 
lowing schedule: Annually, all lots which test 60 days plus; 
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semiannually, all lots which test 40 to 59 days; quarterly, all 
lots which test 30 to 39 days; bimonthly, all lots which test less 
than 30 days. 

The above schedule is the minimum required for ordnance 
storage depots. More accurate data on the probable life of the 
powder can be obtained if a sample, which does not fume in 
60 days, is allowed to remain in the oven for a longer period of 
time. This should be done whenever it does not interfere with 
the prescribed testing of each lot in storage. New samples will 
be selected for the test each time this test is made, e. g., quar- 
terly tests will not be made on a sample selected once a year 
but on a sample selected just prior to each test. 

f. The design and construction of constant temperature sur- 
veillance ovens for the 65.5° C. test have been standardized. 
Drawings and description of the oven will be furnished by the 
Chief of Ordnance. 

g. The results of the above-described test will be reported to 
the Chief of Ordnance on O. O. Form 5990, as prescribed in 
paragraph 67-b of Section X. 


SECTION XII 


MAINTENANCE AND SALVAGE 
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77. General.—a. The term “ maintenance” when used in con- 
nection with explosives and ammunition means to Keep or main- 
tain the stocks on hand in serviceable condition and ready for 
immediate issue and use. The funds appropriated for mainte- 
nance are used for both reconditioning and renovation. 

b. The term “ reconditioning,” as used in this manual, in- 
cludes those current maintenance operations such as removing 
rust, repainting, remarking, repairing boxes and containers, and 
repacking in new or serviceable containers. 

c. The term “ renovation ” includes those maintenance opera- 
tions necessary to restore to a serviceable condition an article 
which has deteriorated and which can not be made serviceable 
by current reconditioning operations. It usually involves the re- 
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placement of some deteriorated component, such as an adapter 
and booster, primer, smokeless powder propelling charge, or 
shell-bursting charge. It may include alterations in the original 
design if the Chief of Ordnance so directs. The terms “ re- 
habilitation ” and ‘“ overhaul” have been used synonymously 
with renovation, but the latter term will be used in the future. 

d, The term “ salvage,” as used herein, includes the operations 
necessary to disassemble or break down ammunition and am- 
munition components in order to recover therefrom all ma- 
terials or components which are or may be made serviceable, 
or which have a money value as scrap. 

78. Reconditioning.—a. Some of the more common recondi- 
tioning operations, such as testing propelling charge containers 
and replacing defective gaskets, resealing boxes, and contain- 
ers opened for inspection, ete., are described in those sections 
of this manual which deal with specific kinds of explosives and 
ammunition (Part II), but operations such as repainting, re- 
marking, and repacking will be done in accordance with War 
Department specifications and drawings and specific instruc- 
tions from the Chief of Ordnance. 

b. When explosives and ammunition are reconditioned—that 
is, repainted, remarked, or repacked, with no change in any of 
the components, the lot number is not changed and great care 
will be taken to remark and repaint ammunition so that the 
new marking and painting is a facsimile of the original. 

c. When the reconditioning of a lot of explosives or ammuni- 
tion is completed a report will be made to the Chief of Ord- 
nance, which will show the lot number, the work done, and such 
details as the kind of paint used, the manner in which it was 
applied, ete. The lot number and date of completion will also 
be included in the monthly report of the surveillance inspector. 

79. Renovation.—a. The renovation of a lot of explosives or 
ammunition will not be undertaken except in accordance with 
the specific directions of the Chief of Ordnance. The work 
usually involves the use of special equipment, such as that re- 
quired for deboostering shell, removing the shell filler, sand- 
blasting and cleaning components, gaging, and reassembly, and 
is done under the supervision of competent inspectors to see 
that the work complies with War Department drawings and 
specifications. Many of the operations are hazardous and 
require a strict compliance with safety rules and regulations. 
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b. When a lot of ammunition is renovated and any change is 
made in the components a new lot number will be assigned and 
mew data cards will be prepared. The new lot numbers for 
renovated ammunition and complete instructions for making 
mew data cards will be furnished by the Chief of Ordnance. 

80. Salvage.—a. The principal salvage operations are: 

(1) Removing the shell filler from separate loading projec- 
tiles, cleaning and repainting the empty projectiles, and re- 
turning them to storage or disposing of them as scrap. Loaded 
adapters and boosters are usually destroyed, as their salvage 
value is small and they are difficult to unload with safety. 

(2) Disassembling fixed ammunition into its various compo- 
nents, cleaning and preserving the serviceable components for 
future use, and selling or destroying those which can not be 
- used again. 

(3) Breaking down small-arms ammunition into its various 
components, retaining the serviceable components, and dispos- 
ing of those which can not be used again. 

b. Practically all kinds of explosives and ammunition have 
some salvage value. It is seldom that they deteriorate to such 
an extent as to become too dangerous to handle or unload. 
Special instructions for salvage work are issued by the Chief 
of Ordnance. 

81. Safety regulations.—a. Ammunition or explosives will 
not be reconditioned, renovated, or salvaged within the maga- 
zine area unless the site, buildings, or cars in which the work 
is done are devoted exclusively to such work, and are specifi- 
cally approved. 

b. The quantity of explosives and ammunition being worked 
upon at any one time will be the minimum quantity necessary 
to carry on the work and in no case will violation of the 
quantity-distance tables, for Ordnance Department explosives 
manufacturing and loading plants, be permitted. (See Sec. 
Vil.) 

ec. Placards showing the maximum amount of explosives or 
ammunition and maximum number of persons permitted at or 
near reconditioning, renovation, or salvage operations, will be 
posted and the limits strictly observed. 

d. Hazardous operations, such as those involving the burning, 
melting, or heating of explosives, the removal of boosters from 
shell, and the disassembly of fuzes, grenades, etc., will be barri- 
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caded or separated from each other to prevent fire or explosions 
from spreading throughout the building or plant, and to protect 
employees from injury. 

e. Ample fire-fighting facilities will be maintained and regu- 
larly inspected to see that they are in good working order, and a 
50-foot cleared space like that prescribed for magazines, will be 
maintained around the entire plant and, where practicable, 
around each building in the plant. 

f. Broken boxes, loose powder or explosives, waste paper, and 
other inflammable materials will not be permitted to accumulate. 

g. All electric light and power lines where authorized within 
the buildings will be inclosed in conduits, and electric lights 
will be housed in safety globes where there is danger of explo- 
sives or inflammable vapors being ignited from a broken electric- 
light globe. 

h. All motors, steam lines, and heating appliances will be so 
installed that the maximum protection from fire is obtained. 
Belts and machines will be grounded to guard against sparks 
from static electricity. 

i. Provision will be made for shutting off all steam or other 
heating appliances and electric power when operations cease 
for the day, unless personnel are continuously on duty to watch 
them. 

j. Plants for steaming explosives out of projectiles will be of 
fireproof construction and will be separated from other parts of 
the plant by fireproof barricades. The entire steaming plant 
will be so constructed that it can be washed down thoroughly. 
Tanks for collecting and separating explosives will be separated 
from the remainder of the plant by fireproof barricades. 

k. When tanks are provided to receive T. N. T., ammonium 
nitrate, or other explosive, all practicable precaution will be 
taken to prevent foreign material, such as bits of wood, felt 
washers, dirt, etc., from getting into the tanks. Floor sweep- 
ings will never be dumped into such tanks. 

l. In general, the lowest steam pressure possible to perform 
efficiently the work involved will be used in steam coils or 
other heating apparatus which comes in contact with any explo- 
sives, inflammable liquids, or inflammable vapors, and in no 
case should a temperature in excess of 110° C. or a steam pres- 
sure in excess of 5 pounds be used without the approval of the 
Chief of Ordnance when such action becomes necessary to meet 
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m. Where steam is used for the purpose of melting or heating 
explosives or other hazardous materials, the inlet line will be 
provided with a weighted relief valve so as to prevent exces- 
sive pressure. There will also be provided a suitable pressure 
gage and a thermometer by which the steam pressure and the 
temperature of the material being heated may be observed 
and checked. 

m. One of the safest practices which has been found for the 
definite control of steam pressures in the heating or melting of 
explosives is the use of a water column between the weighted 
relief valve and the equipment in which the explosive is con- 
tained. In case of any defect in the automatic working of the 
relief valve, which would ordinarily permit higher pressures to 
be used, the water seal in the column will be blown out and 
the steam will have free access to the air. 

o. When maintenance, renovation, or .salvage operations are 
performed at ordnance establishments by private contractors, 
such contractors will submit a general plan of their proposed 
operations to the commanding officer before work is started. 
They will not be allowed to start work unless the plan conforms 
to recognized safety standards. Copies of plans approved by 
commanding officers will be forwarded for the files of the Chief 
of Ordnance. 
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82. General.—a. Explosives and ammunition which are dan- 
gerously deteriorated or which can not be economically sal- 
vaged must sometimes be destroyed. Destruction of explosive 
material will be accomplished by burning, exploding, or dump- 
ing at sea, as specified in following paragraphs of this section. 


76 ORDNANCE SAFETY MANUAL 


Burying of explosives Or ammunition or dumping them intc 
waste places, pits, wells, marshes, shallow streams, or inland 
waterways is absolutely prohibited. 

b. Destruction will not be undertaken without the prior ap- 
proval of the Chief of Ordnance in each case, except that com- 
manding officers may order the immediate destruction of dan- 
gerously deteriorated explosives or ammunition when such 
action is clearly necessary to protect life or property. When 
destruction is authorized, the provisions of Army Regulations 
35-6640, Lost, Destroyed, Damaged, or Unserviceable Property, 
will be observed. | | 

c. Instructions for destroying duds (fuzed shell fired from an 
artillery weapon and which failed to detonate on impact with 
the ground) are incorporated in TR 13870-A, Ammunition 
General. - 2 

d. The methods prescribed for the destruction of chemical 
ammunition are contained in Part IV of this manual under 
special rules for the various classes of chemical fillers, 

83. Safety regulations.—a. Explosives or ammunition will 
not be destroyed within 500 feet of any magazine or within 1,000 
feet of any inhabited building, public railway, or public high- 
way. . 

b. All dry grass, leaves, and other inflammable materials will 
be removed within a radius of 200 feet from the point of de- 
struction. Fire-fighting facilities for combating grass fires 
should be maintained readily available and, if practicable, the 
ground at the point of destruction should be wet down with 
water at the close of each day’s operations. 

c. Certain types of materials, such as unfuzed shell with 
adapters and booSters, can be detonated with a blasting cap, but 
the usual practice is to place T. N. T. (Triton) blocks in inti- 
mate contact with the material and detonate these with a blast- 
ing cap. Blasting caps with miners’ safety fuse, or electric 
blasting caps, may be used to initiate the detonation. 

d. If miners’ safety fuse is used, a piece will be burned, before 
operations starf, to determine the length required to give per- 
sonnel ample time to reach substantial overhead cover. If a 
hand exploder and electric-blasting cap are used, wires of suit- 
able length will be provided so that the operator is protected by 
a barricade and suitable overhead cover. If a train of inflam- 
mable material is used in burning operations, care will be taken 
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that the train is of sufficient length to enable personnel to with- 
draw to a safe distance before the fiame reaches the explosive. 

e. Explosives and ammunition will not be destroyed by ex- 
plosion or detonation at an ordnance establishment unless it 
it certain that near-by magazines and buildings will not be 
damaged by fragments or shock. If the distance from the 
place of destruction to magazines or buildings is less than 800 
yards, a pit, trench, or bombproof which will effectively limit 
the range of fragments will be used. Pits will not be required 
when the destruction takes place on an artillery range or 
similar site, as a cover of earth 2-feet thick will usualy 1 limit 
the range of fragments. | 

f. Pits, trenches, or bombproofs will always be provided with 
substantial cover, such as a layer of logs and earth, to limit 
the range of fragments. When burning is done in pits they 
should be free from stones or other objects which might form 
missiles if an explosion occurs. 

g. Material to be burned will always be removed from. con- 
tainers before it is placed in the fire, as an attempt to burn 
certain explosives or ammunition® under even slight confine- 
ment may result in an explosion or detonation. 

h. The amount of material to be destroyed at one time shall 
be kept at the minimum consistent with reasonable production. 
The number of units that may be safely destroyed at one time 
will be carefully determined by starting with a limited number 
and then gradually increasing that number until the maximum 
which can be destroyed without damage to surrounding property 
is determined. 

i. AS some types of ammunition are rather difficult to ex- 
plode, a search of the surrounding grounds should be made 
after each blast and any material which has been thrown from 
the pit and not detonated should be collected and included with 
the next charge to be destroyed. 

j. Material awaiting destruction will be protected against 
accidental ignition or explosion from fragments, grass fires, or 
burning embers, and when large quantities are involved will be 
segregated into small piles at least 25 feet apart. The piles 
will be at least 200 feet from the point of destruction. The 
base of supplies should be so isolated that if it should burn or 
detonate prematurely surrounding property would not be 
damaged. 
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k. In repeating burning operations, care will be taken to guard 
against material being ignited from burning residue or heat in 
the ground. 

l. Sufficient and suitable protection for personnel must be 
provided in the form of temporary or permanent barricades, 
depending on local conditions. Necessary action will be taken 
to insure that the barricades are used and safety distances ob- 
served by all persons. In caSe of a misfire, personnel will not 
approach the pit, trench, or point of detonation until a period 
of 30 minutes has elapsed. 

m. The destruction of ammunition by explosion or detonation 
requires very careful work by those in charge and will never 
be attempted with inexperienced or untrained personnel. The 
number of employees engaged in such operations will be main- 
tained at the minimum consistent with reasonable production. 
However, no employee will be permitted to work alone. 

n. In the absence of specific regulations or information cov- 
ering any phase of the destruction of explosive material. instruc- 
tions will be requested from the Chief of Ordnance. 

o, At establishments which are located near a deep-sea water- 
way, and which are too restricted in area to make burning or 
detonating safe, explosives or ammunition to be destroyed may 
be placed on barges, towed out to sea, and thrown overboard. 
In this case, however, the port authorities will be consulted, 
and their regulations regarding the transfer and disposal of 
material of this nature will be observed. The material will be 
removed from containers before being dumped overboard. In- 
stances are on record of ammunition, thrown overboard in 
heavy containers, which was washed up on shore from almost 
incredible distances and depths. 

84. Destroying bulk explosives.—a. The safest method of 
destroying black powder is to dump it in a stream or body of 
water; but if no suitable body of water is convenient, it may 
be burned. In opening the containers, only tools of wood, or 
nonsparking metal, will be used. The contents of one con- 
tainer only will be burned at one time. The powder must be 
removed from the container and spread out on the ground in 
a train about 2 inches wide, care being taken that no part of 
the train parallels another part except at a distance of more 
than 10 feet. A train of inflammable material, such as excel- 
sior, must be used to ignite the powder. The emptied con- 
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tainers will be thoroughly washed on the inside with water, 
as serious explosions have occurred with supposedly empty 
black-powder cans. 

b. High explosives, such as T. N. T., tetryl, and explosive D, 
will be destroyed by burning. Most high explosives poison the 
water into which they may be dumped, and if buried they re- 
tain their explosive properties for a long period of time. Con- 
sequently these methods of disposal are prohibited. The explo- 
sive to be burned will be removed from containers and spread 
in a thin layer, not over 3 inches thick, on another layer of 
inflammable material, such as excelsior. A train of inflam- 
mable material will be used to ignite the explosive. Not more 
than 500 pounds of high explosives will be burned at one time. 

c. The applicable safety regulations contained in paragraph 
83 above will be carefully observed. If necessary to destroy 
other explosives, such as fulminate of mercury, dynamite, picric 
acid, ammonium nitrate, etc., special instructions will be 
requested from the Chief of Ordnance. 

85. Destroying smokeless powder.—a. Small quantities of 
smokeless powder (a few boxes) may be destroyed with safety 
if the powder is removed from the containers and spread out 
on bare ground in a train about 4 inches wide. A train of 
inflammable material about 5 feet long, and on the windward 
side, should be used to ignite the powder and allow personnel 
sufficient time to get away from the intense heat which is 
generated when smokeless powder burns. Larger quantities of 
powder, 10,000 to 15,000 pounds, may be burned if a pit or 
trench is used and a train of inflammable material about 25 
feet long, on the windward side, is used to ignite the powder. 

b. When separate loading propelling charges are to be de- 
stroyed the smokeless powder will be removed from the bag 
by carefully cutting one of the seams with a knife. In per- 
forming this operation, care must be taken not to disturb the 
black powder igniting charge. After the bag has been opened 
the smokeless powder should be dumped into a container 
which is kept securely closed at all times, except when reCceiv- 
ing powder, and then the empty bag and black powder igniter 
should be immediately submerged in a container filled with 
water. The bulk smokeless powder should be burned as 
described above. 
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ec. The igniters and bags, after remaining under water for a 
period of at least 72 hours, should be spread out in the open 
until thoroughly dry, when they may be burned in a pit or 
metal incinerator fitted with a cover. The number of bags 
and igniters placed in the fire at one time should be limited to 
the smallest practicable number, and bags and igniters await- 
ing destruction must be kept in a securely closed container 
until placed in the fire. It is permissible, when practicable, to 
destroy the bags and igniters by dumping them in a body 
of water. Before this is done, however, it is necessary to cut 
open the quilted igniter sections as the air trapped therein 
causes the bags and igniters to float on top of the water. The 
various sections of the quilted igniter can be readily opened 
by cutting the sections with a knife while the bag and igniter 
are still submerged in water. 

ad. The applicable safety regulations contained in paragraph 
83, above, will also be carefully observed in burning smokeless 
powder. 

86. Destroying artillery shell.—a. Fixed ammunition rarely 
deteriorates to such an extent that it must be destroyed, rather 
than salvaged. In some cases, however, it may be necessary 
to destroy loaded shell which are fuzed and dangerous to unload. 
Shell disassembled from fixed rounds will be destroyed in the 
same manner as prescribed below for separate loading shell. 

b. The following general instructions for destroying shell by 
detonation contemplate the use of a pit or bombproof. When 
an artillery range or similar site is available, the use of a pit 
may not be necessary as a layer of earth 2 feet thick over the 
shell to be destroyed should be sufficient to limit the range of 
the fragments. 

(1) The projectile will be placed on its side in a trench or 
pit about 4 feet deep, which is free from stones or other objects 
which might form missiles. This pit will be covered with a 
layer of logs and 2 feet of earth, or other suitablé cover. 

(2) T. N. T. (Triton) blocks to the number specified in the 
following table will be placed in intimate contact with the side 
of the projectile and held in position by earth packed around the 
projectile. The T. N. T. block is placed on its side; and, if two 
blocks are used, one is placed on top of the other. If three blocks 
are used, two are placed close together on the shell and the third 
on top of these two. If five blocks are used, there will be two 
layers of two blocks each with a fifth on top. 
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(3) If a No. 8 blasting cap and a piece of miners’ safety fuse 
is to be used to initiate the detonation, a piece of the fuse will 
first be burned to determine the length required to permit all 
personnel to take cover. One end of the required length of fuse 
will be cut squarely across with a sharp knife and inserted in 
the cap until it just touches the charge. The cap will then be 
tightly crimped to the fuse with a fuse crimper or other suitable 
tool, care being taken not to press the fuse too tightly against 
the fulminate charge. No. 8 electric-blasting caps with 6 or 8 
foot wire leads attached, may be used with a hand exploder, in- 
stead of blasting caps with miners’ safety fuse. The blasting 
cap will be placed in the hole drilled in the T. N. T. block (the 
top block when more than one block is used) and, if necessary, 
a small amount of mud will be packed around it to hold it 
securely in place. 

(4) The number of T. N. T. blocks indicated below should be 
sufficient to destroy shell of the calibers shown in the following 
table: 


Number 
Caliber of shell of T.N.T. 
blocks 
oi SAN 2, 24-1NCN sate oss reece eszec teed bows oie dcsetaseoeceseses 1 
2.06-inch, 75: IM .y 6-INCN ix ck ewes cvcccwsceesteteedcdetecesstecsuttece 2 
47-inch, loo mim. ;.6-In@h: 3 cdc ce ceccctws codec est pel ecsesenaesec es ss 3 
€-inch, 9.2-inen, 240MM. 2 i226 sé cseccc deus cecew ae eskeecun de camentoncadaes 3 
10-inch, 12-inch, 14-inch, 16-inch...........-...---------------+------++-- 5-6 


(5) Shell will be detonated only after a signal is given that 
all personnel are protected by substantial cover. If a misfire 
occurs, personnel will not approach the pit for a period of 30 
minutes. ; 

(6) After a blast the ground near the pit will be searched for 
unexploded material, and, if any is found, it will be included 
with the next charge. 

c. Point-fuzed shell, fitted with adapters and boosters, can be 
detonated without the use of triton blocks, as a No. 8 blasting 
cap securely held in place in the fuze cavity, with a small 
amount of mud packed around the top of the cap, will usually 
insure complete detonation of loaded shell. 

d. A Strict compliance with the applicable safety rules and 
regulations of paragraph 83 of this section is essential for the 
protection of personnel and property. 
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87. Destroying bombs.—Bombs should be destroyed in ac- 
cordance with instructions set forth in paragraph 86 for de- 
stroying artillery shell. However, demolition bombs have such 
thin walls, contain so much more explosive than artillery shell 
of corresponding weights, and usually detonate so readily that 
extreme precautions must be taken to avoid structural dam- 
age to buildings and injury to personnel. The destruction of 
bombs larger than the 100-pound bomb should not be under- 
taken without the specific approval of the Chief of Ordnance. 
Bombs awaiting destruction should be segregated in small piles 
100 feet or more apart and at least 100 yards from the detonat- 
ing pit. Extreme precautions must be taken to protect bombs 
awaiting destruction against accidental ignition by fire or frag- 
ments or sympathetic detonation. 

88. Destroying trench-mortar shell.—Trench-mortar shell 
should be destroyed in accordance with the instructions set 
forth in paragraph 86 for destroying artillery shell. However, 
trench-mortar shell contain a larger bursting charge than artil- 
lery shell of the same caliber and have relatively thin walls. 
Care will be taken to limit the number destroyed at any one 
time and to protect shell awaiting destruction from flying 
fragments. 

89. Destroying small-arms ammunition.—Small-arms am- 
munition should be destroyed in a pit which is approximately 
6 feet square and 4 feet deep. An inclined chute, such as a 
piece of 2-inch pipe, should be provided, and this chute should 
be placed so that one end is over the center of the pit and the 
other behind a barricade. Precautions should be taken to 
baffle the open end behind the barricade or locate it so that 
the operator can not look down the pipe. <A hot fire should 
be built in the pit and then the pit should be covered with a 
piece of sheet iron or other suitable material to confine flying 
fragments. The cartridges should be fed into the fire through 
the pipe, and care should be taken to prevent an accumulation 
of unexploded ammunition in the pit. 

90. Destroying fuzes, detonators, adapters and boosters, 
etc.—a. Loaded components, such as artillery fuzes, grenade 
fuzes, boosters, detonators, and similar material, except primers, | 
may be destroyed either by burning or by exploding. In the 
destruction by burning these components will be destroyed one 
at a time in a pit about 6 feet square and 4 feet deep. An in- 
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clined chute, such as a piece of pipe, will be provided and 
should be placed so that one end is over the center of the pit 
and the other behind a suitable barricade. Precautions should 
be taken to baffle the open end of the chute behind the barri- 
cade so that the operator can not look down the chute. A hot 
fire should be built in the pit and then the pit should be covered 
with sheet metal or some other suitable material to confine 
fragments to the pit. The components should be fed into the 
fire through the chute, care being taken to avoid an accumula- 
tion of unexploded components in the pit. 

b. In accomplishing the destruction of these components by 
explosion, a small number of components, depending upon the 
type and kind, should be placed in an open container and in 
intimate contact with each other. This container should then 
be placed in a pit or trench about 4 feet deep. On top of 
each container, in intimate contact with them, should be placed 
one or more triton blocks fitted with an electric blasting cap 
or with a common blasting cap and a piece of safety fuse, 
The pit should be covered with a layer of logs and earth or 
other suitable cover, and then the components should be det- 
onated in accordance with the safety precautions outlined in 
paragraphs 838 and 86 for destroying artillery shell. 

91. Destroying primers.—a. For small quantities of primers 
the destruction may be accomplished by building a hot fire in a 
pit about 4 feet deep and dropping the primers, other than 
small-arms primers, one at time into the fire through a pipe 
about 2 inches in diameter and 10 feet behind a suitable barri- 
cade to protect the operator from flying fragments. The pit 
should be covered with sheet metal or other suitable cover to 
confine the fragments as much as possible; and the pipe through 
which the primers are fed into the fire should be placed at such 
an angle that the upper end will be above the head of the 
operator. 

b. When necessary to destroy large quantities of primers, 
except 100-grain or 110-grain primers, a trench approximately 
2 feet deep, 1 foot wide, and of sufficient length to accommodate 
the number of primers to be burned at one time, should be pre- 
pared with a quantity of excelsior or similar inflammable mate- 
rial sufficient to insure a hot fire throughout its length. The 
primers should be removed from the boxes and placed on the 
excelsior before lighting the fire. Pasteboard cartons need not 
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be opened before placing them in the trench. A piece of sheet 
metal should be placed over the trench, to confine the frag- 
ments as much as possible, leaving sufficient space to create a 
draft through the trench. After the primers and cover are in 
place, the personnel should withdraw to a safe distance, leav- 
ing one person to start the fire from the windward end of the 
trench before taking cover. 

c. If a Suitable tank or kettle is available for use, a small 
number of primers may be placed in it and a small-mesh screen 
placed over the top. By building a fire underneath, the primers 
will be exploded. An iron tank, cut in half longitudinally and 
the open side placed down on railroad iron or other suitable 
grating that will not let the primers drop into the fire, is 
convenient. <A large hole, approximately 12 inches in diameter, 
with a pipe located above the height of a man’s head, should 
be provided and 50 primers put in at one time. The boiler 
should be equipped with a smokestack so that a draft will be 
formed through the grating. Packing material, if inflammable, 
need not be removed from the primers. 

d. If a burning pit constructed of railroad iron or similar 
material is available, a fire may be built in it and a box of 
primers destroyed at one time, provided the packing is inflam- 
mable, by throwing the box into the pit and taking cover. 

e. The 20-grain and 49-grain primers may be destroyed by 
building a fire box over which a basket of primers may be 
pulled on railroad iron from behind a barricade. The fire 
should be started before the primers are pulled over it. When 
all primers have fired the basket should be pulled off, emptied, 
cooled, reloaded, and again pulled over the fire. 

f. Large primers, such as the 100-grain and 110-grain, are 
subject. to explosion en masse if destroyed by burning. These 
types should be destroyed one at a time, as described in sub- 
paragraph @ above. 

g. The stock of primers awaiting des*-uction will not be 
allowed within 300 feet of the burning operations, and great 
care will be taken to protect the pile from accidental ignition 
by flying fragments or sparks. This stock will be limited to 
a day’s supply. Other applicable regulations, contained in pare- 
graph 83 above, will be strictly observed. 

92. Destroying grenades.—a. Grenades may be destroyed by 
burning or explosion in accordance with the following instruc- 
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tions. <A strict compliance with the applicable regulations of 
paragraph 83 of this section is essential for the protection of 
personnel and property. Grenades (not to exceed 40) should be 
placed in a pit, about 4 feet deep, free from stones and other 
débris that may form missiles. These grenades should be so 
piled that they come in close contact, and on top of the pile there 
should be placed, in intimate contact, several one-half pound 
T. N. T. blocks, one of which is provided with a No. 8 electric 
blasting cap or a No. 8 blasting cap fitted with several feet of 
black powder safety fuse. The number of blocks to be used 
will be approximately equal to one for each six grenades in the 
pile. The grenades and T. N. T. blocks should be covered with 
a layer of earth about 1 foot thick to obtain the maximum effi- 
ciency of the T. N. T. blocks, and the pit should be covered with 
a layer of logs and earth or other suitable material. 

b. Grenades in limited quantities may be destroyed by burn- 
ing. A pit similar to that used for detonating grenades is neces- 
Sary, and a heavy metal cover should be provided to stop flying 
fragments and unexploded grenades. A layer of inflammable 
material, such as wood or coke, is placed under the pile of 
grenades, and as soon as the fire is started the cover should be 
Placed over the pit and all personnel should take cover. 

93. Destroying pyrotechnics.—Pyrotechnics, except para- 
chute flares, will be destroyed in accordance with the instruc- 
tions for burning grenades, as outlined in paragraph 92-0 above. 
Parachute flares will be destroyed by burning in a vertical posi- 
tion. Owing to the possibility of a detonation during the burn- 
ing, the flares must be located at least 10 feet apart. A strict 
compliance with the applicable regulations of paragraph 88 of 
this section is essential for the protection of personnel and 
property. 
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PART II 


SPECIAL REGULATIONS FOR HANDLING AND 
STORING SPECIFIC KINDS OF MILITARY EXPLO- 
SIVES AND AMMUNITION, TOGETHER WITH BRIEF 
DESCRIPTIONS OF THE PROPERTIES AND USES OF 
THE MORE IMPORTANT. 
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SECTION XIV 


BLACK POWDER 


Paragraph 
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94. General.—a. Army black powder is classed as a low ex- 
plosive. It is a black, granular, mechanical mixture of potas- 
sium nitrate, charcoal, and sulphur. When glazed with graphite, 
it has a bright, polished appearance. It is subject to rapid de- 
terioration in the presence of moisture; but, if kept dry, retains 
its explosive properties for many years. It ignites by heat, 
friction, and spark. 

b. Army black powder is used for the ignition of smokeless 
powder propelling charges, airplane flares, and bursting charges 
of hand grenades; as a bursting charge in shrapnel, practice 
bombs, and practice trench-mortar shell; in saluting charges, 
smoke-puff charges, time and percussion fuzes, pellets, primers, 
and primer-detonators; and in expelling charges of pyrotechnic 
signals. 

c. A lot of black powder consists of from 1,000 to 50,000 
pounds unless otherwise stated in the contract. Each lot has 
certain characteristics and properties which make it necessary 
to maintain carefully the identity of all powder in the lot. A 
history of the manufacture of each lot is filed in the office of the 
Chief of Ordnance and is used to investigate any unusual action 
or deterioration occurring in service or in storage. 

d. The surveillance of black powder is described in Section X, 
paragraph 56-a@ of this manual. The regulations pertaining to 
its destruction are contained in Section XIII, paragraph 83 
and 84a. 

89 


90) ORDNANCE SAFETY MANUAL 
95. Grades.—a. Army black powder is designated by grades 
in accordance with the provisions of United States Army Speci- 


fication No. 50-14-1, Army Black Powder. These grades and 
their uses are substantially as follows: 


Designation Uses 


Army black powder: 


Grade A, No. 1._....----- All igniting charges and 100-grain primers. It may 
be used instead of grade B for saluting charges. 

Grade A, No. 3...-..----- All primers (except as noted under grades Nos. 1, 4, 
5, and 6); bursting charge for practice bombs. 

Grade A, No. , eee ae Base charges for shrapnel; base charges for fuzes; 


friction primers M-1914; obturating friction 
primers; smoke puff charges; bursting charges for 
practice bombs and for practice 3-inch trench 
mortar shell, subcaliber shell. 
Grade A, No. 5 unglazed_| For pellets for primers and fuzes. 
Grade AL No. 6 unglazed. Do 
Grade A. No. 7 unglazed | Time train rings of fuzes: pellets for delayed action 
(formerly known as fuzes. 
grade C). 
Grade B_..-.-.-.-.------ All saluting charges. 


b. The above grades are strictly Army designations and 
should not be confused with commercial grading. Commercial 
grades are indicated by the following abbreviations: 

Potassium-nitrate powders, A powders. 

Sodium-nitrate powders, B powders. 

UG, unglazed; G, glazed; C, coarse; F, fine. Thus, the desig- 
nation AFFFG means a commercial potassium nitrate, glazed 
powder, of triple F granulation (very fine), which is about 
the same size as Army grade A-4. 

c. The terms “black rifle powder” and “black gun powder ”’ 
are obsolete terms describing certain powders that were in use 
prior to the adoption of the above grades and nomenclature. 

96. Packing and marking.—a. The standard container for 
Army black powder is a metal keg of 25 pounds capacity ac- 
cording to ordnance drawing 764-25, or a commercial metal 
drum of equal quality and capacity complying with Interstate 
Commerce Commission regulations, Specification No. 18. There 
may also be in storage some black powder packed in metal 
containers of 50 pounds capacity, and in the 110 pounds capacity, 
metal lined, smokeless powder boxes. 

b. In addition to the marking prescribed by Interstate Com- 
merce Commission regulations the following identifying data 
should appear on Army black-powder containers: Ordnance 
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contract number, manufacturer’s name and plant symbols or 
key letter, name and grade of material, Army lot number, net 
weight and gross weight. 

97. Storage and shipping.—a. Black-powder metal contain- 
ers will be stored with the longitudinal seams down to insure 
the best protection from moisture. Ordnance drawing D-8358 
shows the recommended method of piling black powder in metal 
containers. This method will be followed when new stocks 
are received or existing stocks are repiled. 

b. Each container of black powder will be inspected for holes 
and weak snots when received and before shipment. Particular 
attention will be paid to small holes such as those made by 
nails, which are only visible upon close examination. Damaged 
containers will not be repaired but the contents will be trans- 
ferred to new or serviceable containers. 

ec. Containers shipped overseas will be crated. 

98. Maintenance.—a. The principal maintenance activities 
are the repainting of containers and the repacking of black 
powder contained in damaged or unserviceable containers. 
Black-powder containers are subject to sweating with resultant - 
rusting of metal drums or kegs. To prevent the containers 
from becoming unserviceable, repainting is necessary. This 
reprinting will not be done in a magazine in which explosives 
or ammunition are stored, but may be done in a near-by empty 
magazine, or in clear weather in the open at least 100 feet 
from the magazine. The quantity of black powder at or near 
such operations will be limited. to 100 pounds. All repainted 
containers will be carefully checked to see that the new mark- 
ing is a facsimile of the old. 

bd. Certain types of black-powder containers have metal caps . 
which deteriorate in storage. It is permissible to replace these 
caps, but the work will be done under the same safety precau- 
tions as are outlined above for repainting containers. 

c. Operations involving the removal of black powder from 
containers, such as transferring the contents from unserviceable 
to serviceable drums, will be conducted in strict compliance 
with the regulations concerning the assembly of saluting 
charges, as described in the following paragraph. 

99. Assembling saluting charges.—a. The work of opening 
black-powder containers, aSsembling saluting charges, or simi- 
lar operations involving the use of black powder, must be con- 
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ducted in special buildings which will not be used for other 
purposes at the same time. The location of black-powder oper-. 
ations should be made the subject of careful study, giving due 
consideration to the proper isolation of the operating unit. 
availability of railway tracks or roads, and taking advantage of 
any natural barricades for increased protection of other build. 
ings or operations. 

b. A suitable unit for repacking black powder or assembling 
saluting charges should consist of a base for supplies, an oper- 
ating building, and a barricade for opening containers. Al- 
though the lay-out of the various units may be arranged to suit. 
local conditions, the distances specified in the following table 
will not be decreased without specific authority from the Chief 
of Ordnance. 


Vea reo 
in feet in fee 
Black | separate Black | separate 


powder, | buildings || POW4er, | puildings 
counds, | or within |) (Pov84s, | or within 
substantial substantial 





barricades barricades 
25 40 500 140 
50 60 750 160 
100 80 1, 000 180 
200 100 1, 500 210 
300 120 2, 000 230 
400 130 


c. In order to reduce the degree of confinement and weight of 
overhead cover in case of a possible explosion, the operating 
building should be of light construction, preferably of sheet 
metal or other light fireproof material. The floor should be 
covered with mastic flooring, linoleum, or other suitable ma- 
terial free from cracks in which powder dust might lodge. The 
following limits will be strictly observed: 








—_—— sii Tena, = Sey ae a = = — at ae tes gee eee ee Eee 7 a Side neck. 





Operation Explosive limit personnel 

Assembling saluting charges---.---_- 1 container of black powder, and 1 3 
, container of charges. 

Repacking bulk powder in cans_--_| 25 pounds-----.-.--.-.-------------- 2 

Maximum amount of black pow- | 2,000 pounds_._-.....-.-222-.22 22. 2 


der at base of supplies. 
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d. In general, unless specific instructions to the contrary are 
contained in this manual or are obtained from the Chief of 
Ordnance, the amount of explosives at or near repacking opera- 
tions will be limited to not over 25 pounds in open containers 
and 50 pounds in closed containers, and the number of employees 
to two persons. One employee will not be permitted to work 
alone. 

e. Whenever any of the black-powder containers can not be 
opened by hand in the normal manner, the operation will be 
considered hazardous and will be conducted behind a barricade 
which will prevent injury to personnel in case of explosion. 
No metal tools which may cause sparks will be permitted at 
or near the repacking operations. If a container is difficult 
to open, the only implement to be used will be a wooden stake 
operated from outside of a suitable barricade so as to punch 
a hole in the top of the container, unless another method is 
specifically approved by the Chief of Ordnance. Drawings of 
approved barricades may be obtained from the Chief of 
Ordnance. 

f. Not more than 2,000 pounds of black powder will be 
brought to the unit at one time. This amount must be at 
least 230 feet and, if practicable, 500 feet, from all other opera- 
tions and buildings. It is suggested that the amount brought 
to the unit be limited to one day’s supply. The cans will be 
earried to the barricade and opened one at a time. Only one 
can will be in, at, or near the barricade at one time, the re- 
mainder being at the base of supplies or repacking house. After 
being opened, the can will be carried to the repacking house, and 
thence the newly filled can or saluting charges in the packing 
container will be carried or trucked to a car or temporary 
magazine at a distance from other operations or buildings com- 
plying with the above table. | 

g. Whenever saluting charges are aSsembled the bags will 
be tied immediately after filling and placed in the saluting- 
charge container. The cover of the saluting-charge container 
will be kept in place except when placing the charges in the 
container. Bags of powder will not be allowed to accumulate 
except in the saluting-charge container. 

h. In transferring powder from the old to the new container, 
a funnel, made of copper or zinc and designed to fit the new 
container, will be used. The old container will be tapped 
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lightly on the side with a wooden mallet to insure the transfer 
of all powder, and if any powder is lumpy, the lump will be 
placed in a piece of cloth and gently pressed with the hand so 
as to reduce it to the proper granular form. 

i. All containers will be closed carefully. The markings will 
be checked with those on the original container, and then the 
cans will be removed from the immediate vicinity of the re- 
packing operations. During all operations particular attention 
will be given to the prevention of any accumulation of powder 
dust. 

j. Damaged, unserviceable, and empty containers which have 
contained black powder and which are not to be used again will 
be destroyed by dumping into a body of water, or they will be 
thoroughly washed with water on the inside, before any other 
disposition is made of them. Serious explosions have occurred 
with supposedly empty containers. 

100. Fires.—a. Most fires start from sparks. The ignition 
of black powder results in an explosion so quickly that no at- 
tempt can be made to fight such a fire. Every effort will be 
made to prevent fire from reaching stores of black powder, but 
if this can not be done, fire-fighting forces will be withdrawn 
to a distance of at least 800 feet and will protect themselves 
against an explosion by seeking such cover as may be available 
or by lying fiat on the ground. 

b. If an explosion should occur, every effort will be made to 
prevent the spread of fiames to adjacent magazines. Fire- 
fighting forces will approach with caution a fire which may 
involve black powder, so that they will not be trapped or in- 
jured by an explosion, and thus be unable to prevent the spread 
of flame to other magazines. 

101. Safety precautions.—a. Black powder is regarded as 
one of the worst known explosive hazards. Most explosions 
originate from sparks, and the safety rules contained in the 
following paragraphs will be strictly enforced and obeyed. 

b. A container will never be opened in a magazine in which 
explosives or ammunition are stored. This will be done only in 
a room or building free from all other explosives or ammunition, 
or in suitable weather in the open at least 100 feet from the 
magazine. 

c. Tools and equipment made of or fitted with metals which 
may cause sparks will not be used in opening or closing con- 
tainers or in handling black powder. | 
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d. Safety shoes (without exposed metal nails and plates) or 
rubbers will always be worn, and if the building or room in 
which black powder is being handled has a concrete floor, it will 
be covered with a tarpaulin or other suitable material. No 
person will be permitted to enter a magazine or room in which 
black powder is stored or handled unless he wears safety shoes 
or rubbers. Rubbers or rubber-soled overshoes should be located 
just inside magazine doors, so that persons entering the maga- 
zine will not be tempted to violate this rule. 

e. Personnel engaged in handling loose black powder in 
operations involving the opening of containers, loading blank 
ammunition or saluting charges, etc., must wear leather safety 
shoes. The use of rubbers or rubber overshoes is prohibited for 
operations of this nature, except in the case of persons making 
limited inspections and merely passing through the building or 
room. 

f. Loose black powder is extremely dangerous, and whenever 
it is necessary to handle loose black powder, as in assembling 
saluting charges, not over 25 pounds of powder in open con- 
tainers and 50 pounds in closed containers will be permitted at 
or near such operations. 

g. If black powder is spilled on benches or floors all work 
will be stopped until the powder has been removed and the 
explosive hazard of any remaining dust or fine particles has 
been neutralized with water. 

h. Particular attention will be paid to black-powder dust 
and every building or room in which dust is liable to accumu- 
late will be frequently and thoroughly washed with water. 
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102. General.—a. Trinitrotoluene (T. N. T.), ammonium pic- 
rate (explosive D), and tetryl are the only high explosives now 
stored in large quantities at ordnance establishments. Other 
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military explosives, such as fulminate of mercury, picric acid, 
ammonium nitrate, etc., are only manufactured and stored in 
small quantities, except in an emergency. Therefore, special 
regulations governing the storage, handling, and surveillance of 
the latter explosives will not be included in this manual, but 
will be furnished by the Chief of Ordnance when required. 

b. The surveillance of high explosives is described in Section 
X, Paragraph 56-b of this manual. The regulations pertaining 
to destruction of high explosives are contained in Section XIII, 
paragraphs 83 and 84-0. 

103. T. N. T.—a. Trinitrotoluene, as stored in bulk, is in the 
form of finely divided crystals. The color varies from white 
to pale yellow for pure T. N. T., and from yellow to brown when 
impurities are present. It is very stable, and does not form 
sensitive compounds with metals. It ignites by friction, shock, 
or spark, and burns readily like tar or resin. If burned in 
large quantities it may detonate. | 

b. T. N. T. is used for the loading of boosters, bursting charges 
of shell and bombs, in some primer mixtures, and for Triton 
demolition blocks. When combined with ammonium nitrate, 
the resulting explosive mixture is known as amatol. This 
mixture is designated as 50-50 amatol or 80-20 amatol, de- 
pending upon the approximate proportions of ammonium 
nitrate and T. N. T., respectively. 

c. A lot of T. N. T. usually consists vf from 5,000 to 100,000 
pounds. Each lot has certain characteristics which make it 
necessary that its identity be carefully maintained. A history 
of the manufacture of each lot is fited in the office of the Chief 
of Ordnance and is used in the investigation of any unusual 
action or deterioration occurring in service or in storage. 

d. T. N. T. is graded in accordance with United States Army 
Specification No. 50-13-5. During 1917-18, three grades were 
in common use, but since that time most of this material has 
been regraded to conform to the latest approved specifications. 
The following table shows both the old and new grading: 


WARB-TIME GRADING 


Grade I.—Melting point 80° C. screened through 30-mesh sieve. 
Grade II.—Melting point 79.5° C. screened through 12-mesh 


sieve. 
Grade III.—Melting point 76° C. screened through 12-mesh 


sieve. 


ORDNANCE SAFETY MANUAL 97 


PRESENT GRADING 


Grade I.—Setting point not less than 80.4° C. screened through 
35-mesh sieve. 

Grade II.—Setting point not less than 79.7° C. screened 
through 14-mesh sieve. 

104. Explosive D.—a. Explosive D is a high explosive which 
in bulk appears in the form of finely divided crystals varying 
in color from yellow to orange brown. It stains the human 
skin and hair and everything with which it comes in contact 
vellow. It ignites by shock, friction, or heat. It is soluble in 
water and alcohol, and is subject to deterioration in the pres- 
ence of moisture. It reacts with some metals, forming Sensitive 
picrates, but in this respect it is less active than picric acid. 
It is relatively hard to detonate, but it burns readily, like tar 
or resin. 

b. Explosive D is used as a bursting charge for all projectiles 
which must withstand severe stresses and shocks before detonat- 
ing, such as armor-piercing projectiles. 

105. Tetryl.—a. Tetryl is a high explosive which in bulk is 
in the form of finely divided crystals of a light yellow color. 
It burns readily and is more easily detonated than T. N. T. 
or explosive D. It ignites from friction, shock, or spark, and 
is quite likely to detonate if burned in large quantities. 

b. Tetryl is used in loading boosters and the booster cavities 
of fuzes. Lots are manufactured and recorded the same as for 
T. N. T., except that a lot is limited in quantity to a maximum 
of 50,000 pounds. 

106. Packing and marking.—a. The standard packing con- 
tainer for T. N. T., explosive D, or tetryl, is a rectangular box 
made of 5-inch lumber, corner locked and glued, and complying 
in all respects with the requirements of Interstate Commerce 
Commission shipping container specification No. 14. The boxes 
will be lined with a strong paraffined paper in such a manner 
that there shall be no joints at the bottom or on the sides of 
the box, as required by Interstate Commerce Commission regu- 
lations. Each container has a capacity of 100 pounds. In addi- 
tion to the marking prescribed by Interstate Commerce Commis- 
sion regulations, the following identifying data should appear 
on the container: Ordnance contract number, place and date 
of manufacture, lot number, name and grade of material, net 
weight. 
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6. The standard container for explosive D is described above, 
but much of this explosive now in storage was packed prior to 
the adoption of the standard container. This is packed in 
wooden kegs, lined with a strong paper bag, of 100 pourds 
capacity, or in paper-lined wooden boxes of 50 pounds capacity. 

107. Storage.—Containers of high explosives will be stored 
with the top side up, to prevent the explosive sifting from the 
container. Ordnance drawing DS8357 shows the recommended 
method of piling T. N. T. in standard containers, and this 
method will be followed when new stocks are received or exist- 
ing stocks are repiled. 

108. Maintenance.—a. High explosives are usually very 
stable in storage, but the containers are subject to deteriora- 
tion. Damaged or deteriorated containers will be repaired or 
the contents thereof transferred to new or serviceable contain- 
ers. This work will be done in a room or building free from 
all other explosives or in suitable weather in the open, at least 
100 feet from any magazine. The amount of explosives at or 
near such operations will be limited to one open container of 
100 pounds and four closed containers. Copper, brass, or bronze 
tools will be used for all repacking or repairing operations. The 
contents of damaged containers will be examined for the pres- 
ence of dirt or foreign matter, which will be removed before 
repairing or repacking. 

b. If standard containers are not available for repacking, a 
strong wooden box, the gross weight of which when packed 
will not exceed 140 pounds, will be used. This container will 
be carefully lined as specified for the original container. All 
marking will be removed and the container will be remarked 
to comply with Interstate Commerce Commission regulations. 

109. Fires.—If a fire occurs in a magazine in which high 
explosives are stored in wooden boxes the explosive will usually 
burn quietly, but may possibly detonate. If the fire has gained 
considerable headway before it is discovered, no attempt should 
be made to fight the fire. The magazine should be abandoned 
and the efforts of fire-fighting forces should be confined to pre- 
venting the spread of fire to other magazines. Fire-fighting 
forces will not go beyond adjacent magazines, and will protect 
themselves against an explosion by utilizing such cover as may 
be available or by lying flat on the ground. 

110. Safety precautions.—It is desirable but not required 
that safety shoes be worn when handling, storing, and shipping 
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high explosives in boxes, Safety shoes will be worn in repack- 
ing rooms or buildings, or whenever loose high explosives are 
being handled. Boxes will be opened and repaired with non- 
sparking tools. A container will never be opened in a magazine 
in which explosives or ammunition are stored. 
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111. General.—da. A complete description of the manufacture 
and properties of smokeless powder will be found in Military 
Explosives (W. D Doc. No. 947). Only those properties which 
are of importance from a storage and surveillance standpoint 
will be outlined in this manual, 

b. Smokeless powder is manufactured to contain a definite 
percentage of residual volatiles in the finished grain. It is of 
the greatest importance that this percentage remain as constant 
as possible during the time the powder is in service or store, 
for changes affect the ballistics and stability of the powder. 
Therefore, smokeless powder is packed in air-tight containers; 
and, when a container of nitrocellulose powder is opened, an 
odor of ether and alcohol will be noted. This is an entirely 
normal condition. ’ 

c. Unconfined smokeless powder burns with little smoke or 
ash and without explosion. When confined or in large quan- 
tities, the rate of burning increases with the temperature and 
pressure. 

d. Salvaged or deteriorated smokeless powder must be 
shipped under water in containers such as boxes, barrels, or 
tank cars, providing such containers comply with the Interstate 
Commerce Commission regulations. 

e. The surveillance of smokeless powder is described in Sec- 
tions X and XI of this manual. The regulations pertaining to 
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the destruction of smokeless powder are contained in Section 
XIII, paragraph 85. 

112. Cannon powder.—a. The service smokeless powder is 
used in all Army cannon and forms the propelling charge for 
fixed and separate loading ammunition. A primer containing a 
charge of black powder or a primer and an igniter charge of 
black powder are required to ignite the powder. 

b. A lot of smokeless powder for cannon consists of approxi- 
mately 100,000 pounds of powder which has been manufactured 
under uniform conditions, grained to a uniform size and blended 
to contain a uniform amount of residual volatiles. Each lot, 
therefore, has certain characteristics and properties which re- 
quire that the identity of all powder in that lot be carefully 
maintained until it is used or withdrawn from service. For 
each lot of powder manufactured there is prepared a descrip- 
tion sheet, copies of which are filed in the office of the Chief of 
Ordnance. These description sheets contain the details of man- 
ufacture and all chemical and physical tests made on the raw 
materials and finished powder. These sheets are supplemented 
by the reports of ballistic tests made in proof firing the lot of 
powder and establishing the weight of charge. If any unusual 
results, abnormal deterioration, or other difficulties are encoun- 
tered or noted in service or in storage these records are used in 
making such investigations as are necessary. 

113. Small-arms powder.—a. There are various kinds of 
smokeless powders which have been authorized for use in small- 
arms ammunition. Many of these types are coated with 
graphite and present a b:ack polished appearance. The powder 
grains are very small, as the charges for small-arms ammuni- 
tion are small. Since the powder grains are small, they ignite 
more readily and burn more freely than cannon powder; and, 
when moisture is present or abnormal temperatures prevail, 
they are subject to more rapid deterioration than the Jarger 
grains. Many small-arms powders are nearly as sensitive to 
friction as black powder. Therefore, all the precautions used 
in handling black powder will be observed, especially with ref- 
erence to removing spilled powder before continuing work. 

b. Small-arms powders are used for the propelling charges 
for all small-arms ammunition such as ball, tracer, incendiary, 
armor piercing, and blank ammunition used in rifles, machine 
guns, automatic rifles, pistols and revolvers, and also in the 
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propelling charges for trench-mortar ammuuit‘on, 37-mm. can- 
non and blank cartridges for grenades and pyrotechnics. Lots 
of small-arms powder are smaller than lots of cannca powder. 
They vary in size from a few thousand pounds up to eporoxi- 
mately 60,000 pounds. The lots of pistol powder sur2 auch 
smaller than those of rifle and machine-gun powders. The Jot 
is determined in the same manner as for cannon powders anw. 
similar description sheets are prepared for small-arms powders: : 

c. Most small-arms powders can be grouped into two general 
classes, i. e., nitrocellulose or single-base powders, and nitro- 
glycerine or double-base powders. As a matter of information 
for ready reference, a brief description will be given of most 
types of small-arms powder now in service. 

d. The following-described powders are of the single-base or 
the so-called straight nitrocellulose type: 

(1) Pyro D. G. (pyro-diphenylamine-graphite) or pyro 
D. G. W. (pyro-diphenylamine-graphite-water dried.)—This 
powder is very similar to the service nitrocellulose powder for 
cannon and contains a small percentage of graphite. The 
grains are cylindrical, with a single perforation, and the length 
is approximately two and one-half times the outside diameter. 
This powder was used in large quantities in 1917-18 for caliber 
320 ball ammunition M1906, and caliber 30 ball ammunition 
M1898. 

(2) H.C. powder (Explosives Co. powder) .—A nitrocellulose 
powder granulated into small shot-like grains, pink or yellow 
in color. Used in caliber 30 blank ammunition and as a 
grenade explosive charge. 

(3) Pistol powder No. 3.—A nitrocellulose powder used in 
caliber .45 ball cartridges for pistol and revolver. Contains 
no graphite. Made in the form of round flakes. 

(4) Pistol powder No. 5.—A nitrocellulose powder used in 
caliber .45 ball cartridges for pistol and revolver. Made in the 
form of round flakes. 

(5) I, M. R. No. 138 (improved military rifle).—Similar to 
I. M. R. No. 17, used in some ammunition for 37-mm. gun, 
M1916. 

(6) I. M. R. No. 15.—Similar to I. M. R. No. 17, used in 
caliber .30 ball ammunition, M1906. 

(7) I. M. R. No. 16.—Similar to I. M. R. No. 17, used in 
caliber .30 ball ammunition, M1906. 
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(8) I. M. R. Ne. 17.—A nitrocellulose powder made in the 
form of cylindrieal monoperforated grains. Used in caliber 30 
ball ammunition, M1906; also caliber .80 armor-piercing, tracer, 
and incendjary ammunition. 

(9) AM. R. No. 17%.—A nitrocellulose powder containing a 
sippjl percentage of tin. Made in the form of cylindrical mono- 
-peyforated grains. Used in caliber .80 M1917 tracer am- 
. inunition. 

(10) I. M. R. No. 23.—A nitrocellulose powder made with 
cylindrical monoperforated grains. Used in caliber .30 ball 
ammunition, M1906; also tracer, armor-piercing, and incendiary 
ammunition. 

(11) I. M. R. No. 25.—Similar to I. M. R. No. 17, used in 
caliber .30 ball ammunition, M1906; also caliber .30 subcaliber 
ammunition. 

(12) M. R. No. 20 (military rifle). —A nitrocellulose powder 
made in the form of cylindrical monoperforated grains. Used 
in caliber .80 ball ammunition, M1906. 

(13) M. R. No. 22.—A nitrocellulose powder, same as pyro 
D. G. without graphite. Grains cylindrical, monoperrorated: 
Used in caliber .30 ball ammunition, M1906. 

(14) M. R. No. 34.—A nitrocellulose powder. Grains mono- 
perforated. Used in caliber .30 ball ammunition and 11 mm. 
French ammunition. 

(15) I. M. R. 1147 or 1185.—Nitrocellulose powders of recent 
manufacture used in caliber .80 ball M1 ammunition and caliber 
.30 tracer M1 ammunition. 

e. The following described powders are of the double-base or 
nitroglycerine type: 

(1) Bulls-eye powder.—Made in the form of cylindrical solid 
disks 0.0028 inch thick. Used in caliber .45 pistol ball ammuni- 
tion, M1911. 

(2) Bulls-eye powder No. 2.—Used in caliber .38 pistol ball 
ammunition. 

(3) Ballistite (also known as flake ballistite or sporting 
ballistite).—Made in the form of square flukes 0.005 inch thick. 
Used in 12-gage shotgun shells, propellent rings for 83-inch and 
4-inch trench mortar, and propelling charge for 6-inch trench 
mortar. 

(4) Infallible powder .—Similar to ballistite and used for sim- 
ilar purposes. 
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(5) HiVel No. 2 (high velocity).—Grains cylindrical, mono- 
perforated. Used in caliber .30 ball ammunition and 4-inch | 
trench mortar propelling charges. 

(6) MR No. 31.—Grains cylindrical, monoperforated. Used 
in caliber .30 ball ammunition and 38-inch trench mortar ammu- 
nition as a substitute for ballistite. . 

f. Two other types of powder which do not strictly fall in 
either of the above classes are: 

(1) G. P. (gallery practice).—Used. in gallery practice am- 
munition. Spherical shot-like grains, varying in color from 
white to gray. (See E. C. powder.) 

(2) Lesmok (less smoke).—A gallery practice powder’ for 
indoor use with caliber .22 ammunition. It consists of a mix- 
ture of nitrocellulose and black powder. 

114. Flashless, nonhygroscopic powder,—a. Flashless, non- 
hygroscopic (F. N. H.) powders are now being used in small 
arms and cannon ammunition. They are very similar in appear- 
ance and granulation to the service nitrocellulose powder, and 
the only marked difference to be noted is an absence of the 
pronounced and characteristic odor of ether and alcohol, gen- 
erally associated with nitrocellulose. 

b. Flashless nonhygroscopic powders will be subjected to the 
same surveillance tests as are prescribed for cannon powder. 
The regulations governing this type of powder are the same as 
those for cannon powder. 

115. Nonstandard powder.—At times small quantities of 
powder such as cordite or other nonstandard powders may be 
stored at ordnance establishments. These powders are subject 
to the same storage regulations and surveillance tests as are 
prescribed for cannon powders, although the results of tests may 
be interpreted differently. 

116. Packing and marking.—a. After blending, smokeless 
powder is packed in air-tight, metal-lined, wooden boxes, fitted 
with a metal cover and a rubber gasket. Each container is 
carefully tested for air-tightness before and after it is filled. 
The standard smokeless powder boxes are made in accordance 
with ordnance drawings 76—4-31, 32, 33 (140 pounds capacity) 
and 764-3 (110 pounds capacity). Some small-arms powders 
were originally packed in metal drums of 25 pounds and 50 
pounds capacity; but, as these containers deteriorated rapidly 
in storage, they have been replaced by the standard smokeless: 

78878—31——_-8 
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powder boxes. Specifications for small-arms powder also per- 
mit the use of containers which comply with Interstate Com- 
merce Commission regulations. 

b. In addition to the marking required by Interstate Com- 
merce Commission regulations, the following identifying data 
should appear on smokeless powder containers: 

Contract number, or W. D. purchase order number. 

Type of powder, and caliber of gun for which intended. 

Manufacturer’s name or initials. 

Lot number and year of manufacture. 

117. Storage.—a. Ordnance drawing D8359 shows a recom- 
mended method of piling bulk smokeless powder in boxes. 
This method will be followed when new stocks are received or 
existing stocks are repiled. 

b. The stability and useful life of smokeless powder are ad- 

versely affected if it is stored in a damp atmosphere or sub- 
jected to high temperatures. A combination of the two is 
particularly bad. Magazines for smokeless powder should be 
dry and the ground around them should be well drained. They 
should have a minimum variation in temperature and a free 
circulation of cool, dry air. Small-arms powders in bulk are 
stored in the same manner as cannon powders. As they may 
deteriorate more rapidly than cannon powders the selection of 
proper storage magazines and the maintenance of good storage 
conditions are most important. 
- @. Smokeless powder in containers will not be exposed to the 
direct rays of the sun for avy long period of time. Containers 
which can not be promptly placed under cover will be covered 
with a tarpaulin placed so that air can circulate through the 
pile. 

d. Rough handling of smokeless powder containers is pro- 
hibited, as seams may be opened in the inner container, thus 
allowing air and moisture to enter the container and creating 
conditions which may seriously affect the life of the powder. 

118. Maintenance.—a. The principal maintenance activities 
are the repair of damaged containers and the replacement of 
defective covers and gaskets. Containers for bu:k powder are 
not ordinarily air tested in storage. They are substantially 
made and should not develop leaks after they are filled and 
air tested unless they have been subjected to extremely rough 
handling. 
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b. Powder will not be stvured or shipped in damaged con- 
tainers. The outer or wood container can usually be repaired 
or replaced without removing the contents of the inner con- 
tainer. This work will be done in a suitable room or building 
free trom all other explosives or ammunition, or in clear 
weather in the open, shaded from the sunlight, at a distance 
of not Iess than 100 feet from any magazine. The tools used 
will be made of metals which do not cause sparks. 

o. When the inner metal container is damaged, or powder is 
to be repacked in new or serviceable containers, all repacking 
will be done in a suitable room or building, free from all other 
explosives or ammunition, where the powder will not be ex- 
posed to a damp atmosphere or the direct rays of the sun. 
Each container in which powder is to be repacked will be air 
tested both before and after it is filled. This will be done with 
a special cover fitted with an air-test hole and the air-testing 
apparatus used for testing the containers for separate loading 
propelling charges. The amount of powder at or near repack- 
ing operations will be limited to that in one open container 
and nine closed containers, and tools made of metals which 
do not cause sparks will be used. The-inner metal container 
will not be repaired or soldered until precautions have been 
taken to insure that it contains no loose grains of powder or 
powder dust. 

d. Smokeless-powder containers may be opened to remove 
samples, and defective covers and gaskets may be replaced 
without removing the containers from the magazine in which 
they are stored, but precautions will be taken to avoid sparks 
which may ignite the powder. 

119. Fires.—Careful study of the reports of several smoke- 
less-powder fires, which have occurred at ordnance establish- 
ments, shows that bulk powder in storage constitutes an unusual 
and severe fire hazard which in most cases can be confined to 
the building in which it originates. If a fire is discovered in a 
magazine, there is little chance that the building can be saved, 
and the efforts of the fire-fighting forces will be confined to pro- 
tecting adjacent magazines. The intense heat generated by 
burning smokeless powder makes it necessary to halt all fire- 
fighting equipment at least 200 yards from the fire, and the 
fire-fighting forces protecting adjacent magazines will utilize 
such cover as is available. A careful watch will be maintained 
for burning embers and grass fires in order to prevent the fire 
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from spreading. If a fire occurs in a magazine or repacking 
room while employees are working therein and involves only 
a small amount of loose powder (not more than 150 pounds), 
an effort should be made to control and prevent the spread of 
the fire. 

120. Safety precautions.—a. Simokeless powder exposed to 
extremely adverse conditions of moisture and temperature for 
a long period of time may ignite spontaneously. Care will be 
taken to protect powder from excessive temperature and mois- 
ture, as such conditions hasten decomposition. It will always 
be protected from the direct rays of the sun. If powder be- 
comes wet or damp, or if there is any reason to suspect that 
it has been exposed to moisture, it will be segregated from other 
powder until stability tests have been, made and it is found to 
be satisfactory. When leaky containers are discovered an ex- 
amination of the contents will be made to insure that signs of 
serious deterioration, such as the odor of decomposing powder 
or the evolution of reddish or orange fumes, are not present. 

b. Powder will always be stored in containers, but should 
powder be spilled or powder dust accumulate, it will be imme- 
diately removed, as loose powder and powder dust are most 
dangerous fire hazards. Dragging powder boxes over smoke- 
less powder grains has been the cause of serious fires. Extreme 
care will be taken to guard against powder dropping into 
cracks and crevices or lodging in places where it may remain 
over a long period of time without being detected. It is believed 
that many fires have occurred from this cause, 

c. In opening containers or repairing damaged boxes contain- 
ing smokeless powder, nonsparking metal tools will be used, and 
if powder is being repacked, the floor will be covered with tar- 
paulins and safety shoes will be worn. 


SECTION XVII 
SEPARATE LOADING PROPELLING CHARGES 
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121. General.—a. The regulations for separate loading pro- 
pelling charges are similar to those for bulk smokeless powder 
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(Sec. XVI), as the amount of black powder contained in the 
igniting charge is relatively small and the controlling factor in 
prescribing regulations for storage, surveillance, etc., is the 
smokeless powder. The detailed construction of the various 
types of charges is shown on ordnance drawings and in specifi- 
cations. 

b. A lot of. propelling charges consists of all the propelling 
charges made from one lot of powder, and the lot number of 
Such propelling charges is the same as the lot number of the 
powder. Thus it may be possible to have in storage bulk pow- 
der and propelling charges bearing the same lot number. The 
identity of all propelling charges in a lot must be carefully 
maintained, as each lot has certain characteristics, such as the 
weight of charge, which are different from all other lots. 

ec. All lots of propelling charges in storage will be subjected 
to the inspections and surveillance tests prescribed for smoke- 
less powder, as contained in Sections X and XI of this manual. 
The regulations pertaining to the destruction of smokeless pow- 
der are contained in Section XIII. The regulations regarding 
fires and safety precautions are the same as those prescribed 
under the same headings for cannon powder in bulk, as con- 
tained in Section XVI. 

122. Packing and marking.—c. The standard container for 
all propelling charges or sections of propelling charges is an air- 
tight, cvlindrical, metal container, fitted with a removable cover 
and rubber gasket and provided with a test hole and plug for 
making air tests. The cover is held in place by a clamp fitted 
with a screw by means of which pressure may be exerted on the 
cover to keep it properly sealed against the entrance of air and 
moisture. These containers vary Somewhat in the details of 
construction, and Ordnance drawings and specifications should 
be consulted for exact descriptions of the various containers and 
methods of packing. Most of the containers are Sufficiently 
strong to withstand shipment without additional protection, but 
some containers must be crated to protect them from rough 
handling. There are also some containers fitted with tops which 
may be damaged by rough handling, and such containers are 
protected by wooden tops eo over the metal tops and firmly 
fastened in place. 

b. Some propelling charges are packed in air-tight fiber con- 
tainers. These containers are similar in size and shape to the 


vay BR BF 


- - 


Fo wee 


108 ORDNANCE SAFETY MANUAL 


metal containers, but they are not provided with 
which can be readily used in making air tests. All 
fiber containers are further protected against rough | 
being packed in wooden boxes. These fiber conta 
principally used for the smaller propelling charges : 
155-mm. howitzers, 9.2-inch howitzers, ete. 

c. Each metal container is lined with heavy pap 
niters which would come in direct contact with the 
top of the container are protected with a cloth and : 
protector cap. Some of these primer protector caps 
with strips of webbing which extend to the top of the 
and are used to draw the charge out of the contain 
containers are usually painted gray with white or | 
ciling, except that containers in which igniters are | 
sometimes painted or striped with red paint. 

d. Hach propelling charge and each section of a 
charge has stenciled on it or on a linen tag firmly a 
it the data necessary for its identification and prope 
is the present practice to dye with red color that pi 
propelling charge bag which contains the igniter of b 
der. However, the igniters of some charges, prince 
mm., are not marked in this manner. 

123. Handling and shipping.—Propelling charges a 
in the containers in which they were originally packed 
comply with the Interstate Commerce Commission re 
Propelling charges will be handled with care, and rc 
dling which may open seams in the container or I 
covers will not be permitted. Shipments which are re 
a badly damaged condition will be reported in deta 
Chief of Ordnance, and the contents of damaged conta: 
be carefully examined for moisture or other signs of ¢ 
tion before repacking. Every shipment received 
promptly subjected to air tests. Propelling charges 
be exposed to the direct rays of the sun for any long | 
time. Charges which can not be promptly placed unc 
will be protected with tarpaulins placed so that air c: 
late through the pile. 

124. Storage.—a. Propelling charges packed in m«¢ 
tainers, which are protected by wood tops or crates, 
stored so that the containers can be readily air tested. 
and wood tops removed from such containers will be 
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and stored for future use, but not in the magazine with the 
propelling charges. 

b. Propelling charges in metal containers will be piled and 
arranged in 4 magazine in two ways. The smaller containers, 
such as those for the 155-mm. and 6-inch calibers, will be placed 
in racks, while the larger containers, such as those for 12-inch, 
14-inch, and 16-inch calibers, will be stored on their bases. 
Ordnance drawing D8360 shows a recommended method of 
storing containers in racks and will be followed when new 
stocks are received or the present stocks are repiled. 

c. Propelling charges in fiber containers and wooden packing 
boxes will not be unpacked for storage unless there is evidence 
that the box has been exposed to moisture or the weather. 

dé. Precautions similar to those outlined for the storage of 
bulk smokeless powder, Section XVI, will be observed in storing 
separate loading propelling charges. 

125. Maintenance.—da. All metal containers are fitted with 
test holes and plugs so that they can be air tested for tightness. 
Every metal container in which propelling charges are stored 
will be air tested for leaks when it is received or when it is 
subjected to handling or moving, which may cause leaks. This 
air testing will be done with the apparatus described on Ord- 
nence drawing 24-12-11 or with any other similar air-testing 
devices except that motor-driven air compressors will not be 
taken into a magazine in which explosives and ammunition are 
Stored. A pressure of from 3 to 5 pounds is used and leaks 
are detected by noting the variation in the reading of the gauge 
attaches to the air-testing apparatus. All containers which 
are leaking will be repaired or the contents thereof will be 
transferred to serviceable air-tight containers. Leaks due to 
defective covers and gaskets are readily repaired without 
removing the contents of the container, but leaks in other parts 
of the container require the removal of the contents before 
repairs can be made. Damaged containers will not be repaired 
in a magazine. This work will be done in a near-by empty 
magazine or in a repacking room or building. The amount of 
powder at or near repacking or repairing operations will be 
limited to that in one open container and four closed containers. 
Nonsparking tools will be used in opening and closing con- 
tainers. After repacking, each container will be air tested 
before it is placed in storage. 
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b. Defective covers and gaskets may be replaced without 
removing the container from the magazine in which it is stored, 
but precautions will be taken to guard against sparks which 
might cause fire. 

c. The personnel assigned to air-testing work will be familiar 
with the characteristics of decomposing powder and will ex- 
amine each container opened for air test for the characteristic 
odor of decomposing powder or the evolution of reddish-brown 
fumes. 

d. Metal containers may rust. They will be repainted when- 
ever such action is necessary to prevent further deterioration. 
When containers are repacked or repainted, the markings on the 
container will be faithfully reproduced. Containers will not 
be repainted in a magazine in which explosives or ammunition 
are stored. 

e. Propelling charges packed in fiber containers are not sub- 
jected to air tests except when they are repacked. Due to the 
manner in which they are protected during shipment, there 
should be little tendency for these containers to develop leaks. 
If fiber containers are damaged, the contents thereof will be 
transferred to serviceable metal containers and no attempt will 
be made to repair fiber containers. 


SECTION XVIII 


SMALL-ARMS AMMUNITION 
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126. General.—a. A complete description of the various kinds 
of small-arms ammunition will be found in TR 1350—-A, Am- 
munition for Small Arms. The surveillance of small-arms am- 
munition is described in Section X of this manual; and the 
regulations for its destruction are contained in Section XIII. 

b. A lot of small-arms ammunition is a convenient quantity 
of ammunition manufactured, inspected, and tested under uni- 
form conditions and which exhibited uniform characteristics in 
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acceptance tests. The size of a lot may vary from a few thou- 
sand to a million rounds, but averages approximately 500,000 
rounds. Bach lot has certain characteristics which make it 
necessary to maintain always the identity of the ammunition 
in the lot. A lot number once assigned, remains unchanged 
until the ammunition is expended. 

c. Not all small-arms ammunition is divided into lots. Cali- 
ber .22 ammunition, shotgun shell, and other types may not have 
lot numbers. 

d. The term “cartridge lot” as well as “ammunition lot” 
has been used at times to identify small-arms ammunition, but 
the latter name is preferred. The various systems that have 
been used in designating ammunition lots of small-arms am- 
munition are described in TR. 1850-A, Ammunition for Small 
Arms. 

127. Classes.—The term “class” when applied to small-arms 
amununition has a definite and restricted meaning, and should 
not be confused with grade. The class refers only to the 
method of packing and is used only in connection with caliber 
.30 ball ammunition, M1906. The class is designated by symbols 
made up of a letter A, B, or C, followed by the figure 1 or 2; 
as, for example, class B-2. These symbols are stenciled on 
the packing boxes for caliber .30 ball ammunition, M1906, and 
the meaning is explained in TR. 13850-A, Ammunition for Small 
Arms. The term “class” will not be used in connection with 
caliber .30 ball ammunition M1. 

128. Grades.—a. Lots of caliber .30, caliber .45, and caliber 
.OO ammunition designed for target practice or combat use 
in standard service weapons are assigned to grades repre- 
senting degrees of serviceability. The grades are determined 
by ballistic tests, surveillance tests, and reports of performance 
from the using arms and services. Assignments to grades and 
changes therein are made by the Chief of Ordnance. A grade 
is usually assigned to a lot as a whole; but, under different 
conditions of storage, portions of a lot may develop defects 
which would not apply to the entire lot, and different grades 
sometimes may be established for parts of lots at different 
Places. Ungraded ammunition will not be issued or used for 
any purpose, but will be reported to the Office of the Chief of 
Ordnance. The grades of ammunition are not marked on 
packing boxes or on slips inside of the box; they are found 
only in Ordnance Field Service Bulletin No. 3-5. 
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b. Other types of ammunition not used for target or combat 
purposes are not ordinarily graded; but special tests, both 
ballistic and surveillance, will be ordered by the Chief of Ord- 
nance if at any time such ammunition appears to be unfit for 
storage or issue. 

c. The various grades to which lots of caliber .30 and caliber 
45 small-arms ammunition are assigned are described in TR 
1350-A, Ammunition for Small Arms. 

129. Packing and marking.—a. Small-arms ammunition is 
packed in wooden boxes, practically all of which have metal 
liners. Each metal liner is tested and made air-tight when it 
is packed, and it should remain air-tight unless subjected to 
rough handling. Most ammunition is packed in boxes which 
are made in accordance with the following drawings: T6—-6—44, 
for caliber .30 and caliber .50 ammunition; 49-1-83, for caliber 
45 ammunition. 

Other types of boxes are in use but will be discontinued when 

those now on hand have been expended. Cartridges are packed 
in the container in accordance with the methods described in 
TR 1350-A, Ammunition for Small Arms. 
' ®. The detailed marking and painting of small-arms ammuni- 
tion, and the containers in which it is packed, will be obtained 
from the technical regulations governing small-arms ammuni- 
tion. (TR 1350-A.) 

130. Handling and shipping.—a. No restrictions other than 
proper description, packing, and marking are necessary for the 
shipment of small-arms ammunition. Small-arms ammunition 
offered for shipment will always be packed in clips and bando- 
leers, or in pasteboard cartons, before it is placed in wooden or 
metal containers. 

b. No lot of small-arms ammunition will be shipped from an 
Ordnance storage depot unless it has been previously examined 
within one year for visible defects, and found satisfactory for 
issue to troops. . 

131. Storage.—a. Small-arms ammunition is not an explosive 
hazard in storage, although under adverse conditions of storage 
it may become a fire hazard. With reasonable care as to Stor- 
age conditions, and under the surveillance prescribed in these 
regulations, Small-arms ammunition may be safely stored in any 
weather-proof magazine or warehouse. It may be kept in a 
barracks storeroom in small quantities. The principal condi- 
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tions likely to affect small-arms ammunition adversely are 
dampness, lack of ventilation, and extreme heat, such as might 
be obtained in storing near steam pipes. If the atmosphere is 
damp, or unusual temperatures are experienced, layers of boxes 
will be separated by dunnage to permit free circulation of air. 
Ammunition will be piled by lot, and each pile will be placarded 
so as to show readily the manufacturer, the lot, caliber, class 
and grade of the ammunition in each pile. 

b. Small-arms ammunition in containers is usually piled and 
arranged in a magazine in accordance with the instructions set 
forth in Army Regulations 700-10, Section IV. 

132. Maintenance.—a. Maintenance activities in connection 
with small-arms ammunition include repairs to damaged con- 
tainers, repacking, resoldering, and air-testing containers, and 
sorting lots of ammunition which contain an excessive number 
of visible defects so as to reclaim that ammunition which is 
still satisfactory for issue and use. 

b&b. When damaged containers are repaired, or small-arms am- 
munition is repacked, the metal liner will be sealed so as to 
protect the ammunition from deterioration. The apparatus used 
for air-testing smokeless powder containers will be used if more 
suitable equipment is not available. A pressure of approxi- 
mately 2 pounds will be used. If the cover of the metal con- 
tainer is damaged, or is difficult to resolder, new covers will be 
requisitioned from the Chief of Ordnance. Ammunition will be 
repacked in the same manner as it was originally packed, unless 
the Chief of Ordnance issues specific instructions to the con- 
trary. Care will be taken to maintain the identity of the am- 
munition by lot, and the marking on a repacked container must 
be a facsimile of that on the original container. 

c. The sorting of lots of ammunition which can not be issued 
because they contain an excessive number of visible defects, and 
the reclaiming and repacking of the serviceable ammunition in 
the lots, will not be undertaken except upon specific instruc- 
tions from the Chief of Ordnance. When orders are issued to 
sort a lot of ammunition and reclaim the serviceable cartridges 
the process of reclamation includes all of the operations neces- 
sary to remove the defective cartridges and repack the ammuni- 
tion for shipment. It involves the removal of the ammunition 
from the old containers, the culling out of defective rounds, the 
repacking of the serviceable cartridges into clips, bandoleers, 
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cartons, etc., and the resealing of the metal container. New 
cartons, clips, bandoleers, covers for metal liners, etc., required 
for repacking will be supplied by the Chief of Ordnance on 
requisition. Where practicable, however, the old containers, 
etc., will be used. When a lot of ammunition is reclaimed it 
does not change its lot number or grade, except as specified in 
O. F. S. B. No. 3-5. The defective cartridges culled from the 
lot are classified as grade 3 ammunition. 

133. Salvaging.—The salvaging of small-arms ammunition 
consists of reducing the round to its principal components, 
such as cartridge case, bullet, and propelling charge. The 
method employed in breaking down the rounds will depend upon 
the facilities available, and special instructions will be issued 
by the Chief of Ordnance. The principal hazard involved is 
that of fire, and care will be taken to guard against an accumu- 
lation of powder at the breaking-down operations. The floors 
and benches will be kept clean, and the powder from the cart- 
ridges will be continuously removed from the immediate vicin- 
ity of breaking-down operations so that in case of fire not more 
than 1 or 2 pounds will be involved and personnel will not 
be exposed to unnecessary hazards. Powder obtained from 
breaking-down operations should be placed in standard con- 
tainers and stored in the open under tarpaulins or in a shed 
where a fire will not cause great damage. The primers in the 
cartridge case are uSually rendered inert by placing the cases 
in a fire. All salvaged components are kept separate until dis- 
posed of in accordance with army regulations or the directions 
of the Chiet of Ordnance. 

134. Fires.—If a fire occurs in small-arms ammunition, the 
only danger incurred in fighting the fire is that from flying 
bullets and cases. These are relatively light, however, and 
usually will not travel more than 200 yards. With ordinary 
care on the part of the fire-fighting forces, a fire can be quickly 
controlled without danger. 
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SECTION XIX 
FIXED AND SEMIFIXED AMMUNITION 
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185. General.—a. Fixed ammunition includes all ammunition, 
except small-arms ammunition, which has the cartridge case 
containing the propelling charge firmly attached to the projec- 
tile, so that both are loaded into the gun as one unit. The 
following are typical examples of fixed ammunition: 

Base fuzed L. E. shell ammunition, 37-mm. Mk. I, shell. 

Base fuzed H. B. shell ammunition, 37-mm. Mk. IT, shell. 

Unfuzed H. E. shell ammunition, 75mm. Mk. I, shell. 

Point fuzed H. E. shell ammunition, 3-inch A. A. Mk. I, 
shell. 

Base fuzed H. E. shell ammunition, 3-inch (15-pounder) S. C. 
shell. 

Shrapnel ammunition, 75-mm., 3-inch A. A., 4.7-inch. 

Inert loaded ammunition, 2.95-inch subcaliber for mortars. 

b. Fixed ammunition is divided into lots when it is manufac- 
tured, and a definite ammunition lot number is assigned to each 
lot. This ammunition lot number is stenciled or stamped on 
each round of the lot. Ammunition lot numbers change with 
the lot of powder used, the lot of fuzes used (when fuzed), 
the projectile weight zone, and other factors. Each lot, there- 
fore, has certain characteristics which make it necessary to 
maintain carefully the identity of all rounds in a lot. Records 
of manufacture and ballistic tests of each lot of ammunition 
are on file in the office of the Chief of Ordnance, and are 
referred to in making investigations of deterioration, failures, 
prematures, or other malfunctions. When defects are reported, 
failure to report the ammunition lot number usually causes 
considerable delay until this information can be obtained. Fre- 
quently a lot number is reported which is not the ammunition 
lot number. This confusion of lot numbers is usually due to the 
fact that there appear on the round of ammunition, as manu- 
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factured, the lot number of the cartridge case, the lot number 
of the booster, etc., as well as the ammunition lot number, 
which is the identifying lot number. The location of the am- 
munition lot number on a round of ammunition is accurately 
described in the several technical regulations covering ammuni- 
tion. If there is the slightest doubt as to the correct ammuni- 
tion lot number, report all lot numbers, marks, and symbols 
appearing on the round. The size of a lot of ammunition varies 
from 5,000 to 25,000 rounds and depends upon the caliber, stage 
of manufacture, size of component lots, and other factors. 

ec. The surveillance of fixed ammunition is described in Sec- 
tion X of this manual; and the regulations for destruction are 
contained in Section XIII. 

136. Packing and marking.—a. The methods of packing 
fixed ammunition are as follows: 

(1) In wooden boxes with or without metal liners. Ex- 
ample—37 mm. complete round. 

(2) In wooden boxes with each round in an air-tight metal 
or fiber container. Example—75-mm. shell or shrapnel. 

(3) In boxes without containers or metal liners but with the 
fuze protected by air-tight metal caps. Hxample—4.7-inch 
shrapnel. 

b. The dimensions, details of construction of the box, and 
number of rounds per box are set forth in the specifications 
and drawings of the Ordnance Department. The markings on 
a round of fixed ammunition and on the packing boxes for 
fixed ammunition are described in the several technical regula- 
tions covering ammunition, and in the specifications and draw- 
ings of the Ordnance Department. 

137. Handling and shipping.—No special precautions other 
than those set forth in Interstate Commerce Commission regula- 
tions, and Section VIII of this manual, are prescribed for 
handling and shipping fixed ammunition. It is packed in strong 
containers which afford good protection unless the ammunition 
is subjected to extremely rough handling. Boxes which have 
been stored for a considerable period of time and which may 
not be as strong as when manufactured will be reinforced with 
metal strapping if necessary. 

138. Storage.—a. Fixed ammunition in boxes is usually piled 
or stacked in accordance with the provisions of Army Regula- 
tions 700-10, Section IV, although it is desirable, when space 
is available, to store it so that each box can be inspected and 
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sampled if necessary. Good ventilation to all parts of the pile 
will be provided for, dunnage being used if necessary. 

b. Fixed ammunition will always be stored in wooden boxes, 
and preferably in boxes of the same type in which it was orig- 
inally packed. Loose rounds of ammunition, not in boxes, will 
not be stored. Incomplete boxes of ammunition will be care- 
fully marked so that they can be readily identified. They will 
be stored with the lot to which they belong and may be placed 
on top of the piles. All boxes containing fixed ammunition 
will be effectively closed, preferably in the same manner as 
when they were originally packed. No open boxes will be 
permitted in a magazine, 

c. The loss of an entire stock of a particular kind of fixed 
ammunition should be avoided, if possible, by distributing the 
stock in two or more magazines. For example, if the stocks 
consist of enough 75-mm. shell and 75-mm. shrapnel to fill two 
magazines, the two kinds will be divided so that some of each 
will be stored in each of the two magazines. 

d. When fixed ammunition is disassembled, the loaded com- 
ponents will be stored in accordance with the instructions set 
forth in this manual for storing fuzes, primers, adapters, and 
boosters, etc. The projectiles will be stored in the same manner 
as described in Section XX for separate loading shell. 

139. Maintenance.—Maintenance includes the removal of 
rust and repainting the ammunition, repairing packing boxes, 
and repacking the ammunition whenever necessary. Work such 
as that outlined above will not be done in a magazine with other 
explosives or ammunition, but will be conducted in a nearby 
empty magazine, repacking house, or room, or in suitable 
weather in the open at least 100 feet distant from any magazine. 
The contents of damaged containers will be transferred to serv- 
iceable containers; and if tin containers are used, they will be 
air-tested for tightness when packed. The apparatus used for 
testing cartridge storage cases can be utilized for this purpose. 
Containers which are opened for sampling or inspection will be 
resoldered ; or if facilities are not available for doing this work, 
they will be sealed with surgeon’s adhesive tape and acid-proof 
black paint. When ammunition or containers are repainted, 
care will be taken to reproduce faithfully all markings so that 
the repainted ammunition or container is a facsimile of the old. 

140. Renovation and salvazge.—a. Fixed ammunition which 
has deteriorated to such an extent that it is necessary to re- 


118 ORDNANCE SAFETY MANUAL 


place the fuses, boosters, shell charges, or propel 
will be renovated or salvaged in accordance wit 
structions furnished by the Chief of Ordnance. 

equipment is necessary so that the work may be d 
minimum risk or hazard, and so that serviceable 
will not be damaged. Bombproofs or barricades | 
boosters, melting units for removing the shell filler 


ing and painting equipment are some of the facilit 


Adequate safeguards against fire and accident wi 
provided, and salvage or renovation work will be 
area isolated from magazines. The quantity-dis 
prescribed for Ordnance Department explosives mé 
and loading plants will be strictly observed. 

b. When fixed ammunition is salvaged or renova 
tractors under Government contracts the contractor 
the approval of the commanding officer of the ordr 
lishment concerned for. the equipment, methods, saf 
tions, and amount of explosives or ammunition in pr 
he proposes to employ.’ The area in which the wo 
done will be selected by the commanding officer. WI 
started the commanding officer will personally mal 
inspection.; of the work in process, and will take su 
are necessary to correct dangerous conditions, enf 
rules, and safeguard his establishment. 

141. Fires.—a. Fires in fixed ammunition are. no 
occur unless deterioration has proceeded to such a 
spontaneous ignition takes place or burning embers 
shell are projected into the mzgazine from an adj 
If a fire does occur in a magazine in which fixed a1 
is stored, every effort will be made to fight the fire 
magazine will not be abandoned until it is evident th: 
can not be controlled. 

b. A test was made at Aberdeen Proving Groun¢ 
which shows the results that may be expected when 
munition burns. 

(1) The ammunition used in this test consisted of 
(4,608 complete rounds) of 75 mm. H. E. shell, Mk. 
nine in a box, each round in a fiber container. This 
was evidently in the same condition as received from 
as the shipment consisted of rounds from 31 different 
tion lots. The shell were all loaded with T. N. T. 
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a (2) The ammunition was stacked 8 boxes high, 8 boxes long, 
qj} and 8 boxes wide, making a pile about 10 feet high, 25 feet 
ey, long, and 10 feet wide. The windward end was sprinkled with 
ni about 10 gallons of kerosene and a fire was kindled at this 
1: end of the pile. The fire spread rapidly over the end, top, and 
wy, Sides of the pile, and after approximately 10 minutes the first 
'; explosion occurred. During the next five minutes the explosions 
on were all from burning propelling charges. Some projectiles and 
wis" cartridge cases were thrown high into the air and fell at 
,. distances up to 200 yards from the pile. Fifteen minutes after 
« the ignition of the pile the first shell detonation occurred; and 
a from that time the detonations became frequent and more 
heavy. The early detonations caused the ends of the pile to 
‘ fall over, away from the fire. During the period from 15 
A minutes to 50 minutes after the ignition of the pile the number 
| and violence of the detonations gradually increased until con- 
yj ditions resembled heavy and continuous firing with heavy guns. 
;~ During this period shell and shell fragments, cartridge cases, 
. . a complete rounds, and burning pieces of boxes were thrown in all 
yi: directions. In only a few cases did explosions occur when 
wat material landed after being thrown from the pile. The detona- 
,, tions were accompanied by large bursts of flame 40 or 50 feet 
high, and by dense clouds of black smoke. About 50 minutes 

' after the start of the fire it was evident that most of the pile 
had been consumed, although there was still considerable burn- 
ing material scattered over the area near the original pile. 
Explosions were quite frequent for another 20 minutes, after 
. Which they gradually decreased in frequency until about 2 
hours after the start of the fire. During the next hour there 
were individual explosions from 10 to 20 minutes apart. After 
: three hours from starting the fire there were no more explosions. 
| (8) Examination of the area near the fire showed very little 
combustible material remaining. Cartridge cases without pow- 
.. der, mostly bulged, crushed, or pierced with fragments were 
( found seattered all over the area within 100 yards from the 
original pile. Unexploded shell were found over the same area. 
About 2,500 shell and a few complete rounds were gathered up 
after the fire. Most of the recovered shell fragments showed 
evidence of only partial detonations of the bursting charge. 
The complete rounds recovered were mostly in charred fiber 
containers and were not mutilated in any way. In many cases 
the shell or the cartridge case was found still encased in the 
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fiber container, one component evidently having exploded and 
thrown the remainder of the round away from the fire. There 
were no large or deep craters, the largest crater being about 5 
feet across and about 1 foot deep. 

ce. It is felt that the results of the above-described test are 
similar to what may be expected from any fire in boxed shell 
ammunition. The explosion of propelling charges and detona- 
tion of the shell may be expected without a general detonation 
of the pile as a whole, or of any considerable vart of the pile. 
The scattering of components probably would be confined to a 
comparatively small distance from the burning pile. 

142. Safety precautions.—Fixed ammunition will be handled 
with care, and it will never be dropped, rolled, or violently 
thrown. Boxes of fixed ammunition may be handled with 
roller conveyors, chutes, or trucks, as long as the above pre- 
cautions against shocks are observed. Safety shoes are not 
required in handling fixed ammunition, except when it is being 
broken down for salvage or renovation. 

143. Semifixed ammunition.—a. Semifixed ammunition is 
similar to fixed ammunition, in that the round is loaded as one 
unit. However, the cartridge case is not rigidly attached or 
crimped to the projectile, but it is constructed so that it can be 
readily removed from the projectile. These removable cartridge 
cases are provided whenever the propelling charge is zoned, so 
that changes can be made in the propelling charge just before 
the round is loaded into the gun. 

b. Semifixed ammunition is stored, handled, and shipped in 
the same manner as fixed ammunition, and the above regula- 
tions for fixed ammunition apply to semifixed ammunition. 


SECTION XX 
SEPARATE LOADING AMMUNITION 
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144. General.—a. Separate loading ammunition is ammunition 
in which the primer, propelling charge, and fuzed projectile are 
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loaded into the cannon separately, or in two or more operations. 
Since the components of the round such as the primer, pro 
pelling charge, and fuze are usually packed separately, they are 
described in other sections of this manual, and this section 
deals only with separate loading projectiles, fuzed and unfuzed. 
However, the regulations of this section are applicable also to 
loaded projectiles from fixed ammunition, such as loaded 75-mm. 
high-explosive shell which are obtained during disassembly 
operations of fixed ammunition. 

b. Separate loading projectiles are of various types, such as 
high-explosive shell, shrapnel, armor-piercing projectiles, ete., 
and may be either base or point fuzed. 

c. Due to the larger caliber, lots of separate loading projec- 
tiles are much smaller in size than lots of fixed ammunition, 
varying from a few hundred rounds to 10,000 rounds. A lot of 
16-inch armor-piercing projectiles usually consists of about 500 
projectiles, while a lot of 155-mm. shell may contain from 5,000 
to 10,000 projectiles. Each projectile in a lot is marked with 
an ammunition lot number, which is the identifying number that 
will be reported when deterioration, defects, or malfunctions are 
noted. Each lot of separate loading projectiles has certain 
characteristics which makes it necessary to maintain carefully 
the identity of all shell in the lot. 

d. Surveillance of separate loading projectiles is described in 
Section X of this manual; and the regulations for their de- 
struction are contained in Section XIII. 

145. Packing and marking.—a. Prior to the World War the 
general practice was to crate or box all separate loading projec- 
tiles. The same practice was continued during the early part 
of the war, but later it was determined that the crating material 
was undesirable near the front and that most types of projectiles 
could be satisfactorily transported by simply protecting the 
rotating bands with rope grommets. This method was followed, 
therefore, with separate loading high-explosive shell of the 
types used during the war. Later the procedure was extended 
to chemical shell of similar calibers. The method of shipping in 
uncrated condition has from time to time been extended to in- 
clude certain other types and calibers, such as some of the sea- 
coast cast-iron target projectiles ; but no definite policy has been 
adopted covering all types of projectiles. 

b. The methods of shipment for each type of projectile are 
shown in the several standard nomenclature lists covering am- 
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munition. Shipment of such new types of projectiles as may be 
adopted from time to time will be made, in general, in accord- 
ance with the following basic rules: 

(1) Point fuzed shell with false ogives will be crated. 

(2) Point fuzed shell without false ogives will have grommets 
and eyebolt lifting plugs. 

(3) Base fuzed shell with relatively fragile parts such as 
false ogives, steel caps, and windshields will be crated. 

(4) Base fuzed shell without false ogives, etc., will not be 
erated but will have grommets to protect rotating bands. 

(5) Dummy projectiles, being easily damaged, will be crated. 

(6) Cast-iron projectiles will be fitted with grommets only. 

c. All separate loading shell are painted a distinctive color 
to indicate the type of bursting charge; e. g., shell loaded with 
high explosive, such as T. N. T., amatol, or explosive D, are 
painted yellow, while black powder loaded shell are painted red. 
The caliber and type of cannon for which the shell is intended, 
the kind of filler, mark number of the shell, and ammunition 
lot number, are stenciled on each projectile. The several tech- 
nical regulations covering ammunition, and the specifications 
and drawings of the Ordnance Department should be consulted 
for exact details of marking. 

146. Handling and shipping.—Separate loading projectiles 
will be handled with eare. The fuze hole will always be closed 
with a suitable plug to protect the threads, keep dirt out of the 
fuze cavity, and to afford the best possible protection against 
fire. The rotating band will be carefully protected against 
damage, such as dents or cuts, that may make the projectile 
unserviceable. Fuzed projectiles will be rolled slowly and with 
care, so that there is no tendency to arm the fuze. Large 
caliber projectiles standing on their bases will be lowered with 
care when it is desired to place them on their sides for handling 
or storage. Many caps on armor-piercing projectiles have been 
loosened by failure to observe these precautions. Every effort 
will be made to avoid injury to or removal of paint from the 
bourrelet. Exuding shell will not be shipped unless all traces 
of exudate have been removed from the exterior. United States 
Army Specifications 50-12-4 govern the packing of projectiles 
in freight cars. 

147. Storage.—a. In storing separate loading shell the follow- 
ing instructions will be strictly observed. 
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(1) Separate loading shell will be stored in fireproof maga- 
zines or in magazines which are constructed with the minimum 
amount of inflammable material. (Standard ammunition 
IMmugazines are fireproof except for the wood roof trusses and 
purlins. ) , 

(2) The amount of inflammable dunnage in the magazine 
will be reduced to the absolute minimum, and each Shell will 
be fitted with a steel or iron fuze-hole plug. 

(3) Shell up to and including 10 inches in caliber will be 
piled in accordance with ordnance drawing D8356; and the 
distances between piles specified on this drawing will be strictly 
maintained when the shell are loaded with T. N. T. or amatol. 
Shell loaded with explosive D will be piled in the manner 
shown on the above-mentioned drawing; but the distance be- 
tween piles need not be more than the distance required for 
making examinations of fuze cavities. 

(4) Shell larger than 10 inches in caliber will be stored on 
their bases with a 1-inch board between the base and floor to 
protect them from moisture and dampness. Shell loaded with 
explosive D may be stored in intimate contact; but shell loaded 
with T. N. T. will be separated from each other by a space 
equal to the caliber of the shell—i. e., 12-inch shell loaded with 
T. N. T. will be separated from each other by a distance of 
12 inches. 

(5) When the number of shell to be stored in a magazine 
is less than the quantity shown on ordnance drawing D&336 
the reduction of the number of shell in a pile rather than an 
increase in the distances between piles will be the first con- 
sideration. 

b. The above requirements are based upon the results of a 
comprehensive series of tests made at the Aberdeen Proving 
Ground with separate loading shell, in which the following 
information was gained: 

(1) That an explosion of shell loaded with T. N. T. or 
amatol could be confined to one pile if ample distances were 
maintained between the piles in the magazine. 

(2) That the distances between piles at which an explosion 
would be transmitted increased with the number of shell in 
the pile in which the explosion originated. 

(3) That all shell in the pile in which the explosion started 
will explode, and that the piles should be reduced to the 
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smallest practicable size if the effects of the ex 
be limited. 

(4) That the distances to be maintained bet 
prevent an explosion from being transmitted to 
must be greater for shell fitted with die-cast whi 
hole plugs than for shell fitted with steel or ; 
plugs. 

' (5) That it is practicaily impossible to explode 
loaded with explosive D, and that explosions are 
very low order and limited to one shell. 

(6) That shell should be arranged in single p 
noses of the shell in one pile pointing toward the 
shell in the next pile, or with the bases of the she 
pointing toward the bases of the shell in the next 

(7) That the lateral distance at which explosion 
mitted was several times greater than the no 
base-to-base distance. 

ec. The following is a brief description of the 
were made, and shows the meaning of the terms 
base-to-base, and lateral distances: 

(1) The shell were arranged in piles, one of 
known as the initiating pile, so as to determine the 
nose-to-base, base-to-base, and the lateral distanc 
detonations of piles of shell, adjacent to the one i 
detonation started, would or would not occur, TI 
arranged as shown in the following diagram : 


W=NOSE TO BASE DISTANCE. Y=BASE TO BASE 
X=NOSE TONOSE DISTANCE. Z=LATERAL DISTA 
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(2) The tests were made principally with 8-inch high-explo- 
sive shell, fitted with adapters and boosters and steel nose-plugs 
(type A lifting plug), although tests were made also with 
155-mm. high-explosive shell fitted with both steel and white- 
metal plugs. The 8-inch shell was chosen for these experiments 
after preliminary tests, made with shell of several different 
types and calibers, had shown the 8-inch shell to be as Sensitive 
to detonation, from an explosive wave or fragments, as other 
types. 

(3) The tests were very comprehensive, as they included 
many different arrangements of the piles, tests to prove the 
effectiveness of barricades between piles, and tests of shell 
loaded with explosive D, T. N. T., and amatol. The number of 
shell used in the various piles varied from 18 to 600, and series 
of tests were made in which the initiating pile contained 18, 48, 
96, 192, 300, 384, or 600 8-inch shell, and 160 or 320 155-mm. 
shell. The greatest number of shell in any one test (initiating 
and adjacent piles) was 1,296. The tests were made under con- 
ditions which are practically duplicated in magazines. 

d. Small-arms ammunition and fixed ammunition in boxes 
have sometimes been used as barricades between piles of sep- 
arate loading projectiles. This practice is no longer permitted 
because of the fire hazards thus introduced into a magazine 
filled with separate loading shell. For the same reason the use 
of inflammable dunnage in a magazine filled with separate load- 
ing shell will be so controlled that it is reduced to the absolute 
minimum. The use of metal dunnage, such as channel iron, is 
recommended for use wherever practicable, because it reduces 
the amount of inflammable material in the magazine, and also 
electrically grounds the pile of shell. 

148. Maintenance.—a. In removing rust and repainting pro- 
. Jectiles particular attention will be paid to the removal of rust 
from the bourrelet and fuze cavity and to the greasing of 
threads in the fuze hole. The marking and stenciling of re- 
painted projectiles will be conducted with care, so that the 
marking on the repainted projectile will be a facsimile of the 
original. The replacement of markings, such as a green band, 
which indicates smoke mixture, is most important. 

b. Oily liquids which exude from shell and sometimes form 
pools of exudate on the floor will be removed with hot water, 
and the shell will be tagged or distinctively marked so that they 
will not be issued for service use. A strict compliance with 


~ 


126 ORDNANCE SAFETY MANUAL 


this requirement is essential, as the exudate is inflammable and , 
small particles of explosive may also lodge in the threads in 
the nose of the projectile. More complete information on the 
probable cause of exudation and its effects will be furnished by 
the Chief of Ordnance if desired. 

c. Separate loading shell will not have rust removed or be 
repainted or reworked in a magazine in which explosives or 
ammunition are stored. Work of this nature will be done in a 
near-by empty magazine, in a repacking house, or during clear 
weather in the open at a distance of not less than 100 feet 
from any magazine. 

149. Renovation and salvage.—Separate loading shell which 
have deteriorated to such a stage that it becomes necessary to 
replace the boosters or bursting charges, or to remove the boost- 
ers and unload the shell for inert storage, will be renovated or 
salvaged in accordance with special instructions furnished by 
the Chief of Ordnance. 

150. Fires.—a. When the amount of inflammable material, 
such aS wooden dunnage, is limited to the absolute minimum, 
there is little chance of a hot fire developing in a magazine 
where only separate loading shell are stored. Every effort 
should, therefore, be made to control any small fire which starts 
in a magazine containing separate loading shell; and the maga- 
zine should not be abandoned until it is evident that the fire 
ean not be controlled. 

b. When separate loading shell, except those loaded with 
explosive D, are stored in inflammable buildings and with 
inflammable materials, which promote the development of an 
extremely hot fire, they will probably explode, a pile at a time. 
However, a period of 8 or 10 minutes will usually elapse before 
the fire becomes hot enough to cause the first detonation. 

ec. The possibility of a heated shell being projected into a 
magazine, and then exploding, ig extremely remote. However, 
if such action should occur, the explosions probably would be 
limited to one pile if the shell are stored in accordance with 
the requirements of this manual, 

151. Safety precautions.—The special safety precautions to 
be observed in handling and storing separate loading shell are 
as follows: 

a. The fuze-hole will always be closed with a suitable plug. 

b. The shell will be protected from fire and heat. 
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vw. The shell will be handled carefully; and they will not be 
violently rolled, or subjected to rough handling of any nature. 
If fuzed projectiles are rolled, they will be rolled slowly to 
prevent the arming of the fuze. 


SECTION XXI 
BOMBS 
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152. General.—a. Aircraft bombs are of four general types, 
viz, practice, fragmentation, demolition, and chemical. A de- 
tailed description will be found in TR 1370-G, Bombs for Air- 
craft, and on the drawings and in specifications of the Ordnance 
Department. Chemical bombs are discussed in Part IV of this 
manual, and.the following is a brief description of the other 
types; 

(1) Practice bombs, as the name signifies, are used for bomb- 
ing practice and for the instruction of personnel. They usually 
have the same characteristics of form, weight, method of han- 
dling, flight, and accuracy, aS corresponding service bombs, 
They contain sand and a reduced bursting charge of explosive. 
They are usually stored and issued in the form of components, 
as follows: 

Empty bomb bodies with fin assembly attached. 

Black-powder charge, 2 pounds in a bag, and packed approxi- 
mately 20 charges to the box. 

Adapter and booster, loaded. 

Primer detonator assembly, loaded. 

‘ The sand filler for the bombs is added by the Air Corps. 

(2) Fragmentation bombs are intended for use against per- 
Sonnel. They are of comparatively small size and are designed 
to give the maximum fragmentation effect. 

(8) Demolition bombs are intended for use against enemy 
works and ships and depend upon a blast effect for the destruc- 
tion of such structures. They have larger bursting charges 
than artillery shell of corresponding weights and vary in 
Weight from 100 pounds to 2,000 pounds, or larger. 
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bd. Bombs are divided into lots varying in size from a few 
thousand for the smaller types to a few hundred for large- 
type bombs. Each bomb is marked with an ammunition lot 
number, and this number is the identifying number which is 
to be reported when evidences of deterioration or malfunction- 
ing are discovered. The ammunition lot number varies with 
the lot of T. N. T. used and other like factors; and, therefore, 
has certain definite characteristics which require that the 
identity of all bombs in a lot be carefully maintained. 

c. The surveillance of bombs is described in Section X of 
this manual, and the regulations for their destruction are con- 
tained in Section XIII. 

153. Packing and marking.—a. The present prescribed 
methods of packing bombs for shipment are as follows: 

(1) Fragmentation and chemical 30-pound bombs are packed 
2 in a wooden box with fuzes, primer detonators, swivel loops, 
and arming wire inserted in the packing box. 

(2) One hundred pound demolition bombs are packed in 
metal crates, one in a crate. The fuzes, primer detonators, 
arming wire, swivel loop, and one fin brace for the 100-pound 
Mk. IMI bomb will be inserted in a component metal box 
which will be assembled to the metal crate. . 

(8) Three bundred, six hundred, and eleven hundred pound 
demolition bombs are provided with metal shipping bands to 
protect the lugs of the bomb. The fin assembly will be shipped 
separate from the bomb in a wooden fin crate, one in a crate. 
The fuzes, primer detonators, arming wire, swivel loop, and 
coupling tube and nut, if any, will be shipped in a wooden ac- 
cessory box, which will be assembled to the fin crate. 

(4) Two thousand-pound bomb bodies are shipped uncrated. 
The other components are packed similar to three, six, and 
eleven hundred pound bomb components. The bomb body and 
the crate should be suitably marked to show the components 
and the number of packages required for the complete assembly, 

(5) Demolition bombs used for practice purposes are packed 
in wooden boxes. 

b. A detailed description of the packing boxes, including de- 
tails as to size and contents, will be found in technical regula- 
tions and on drawings and in specifications of the Ordnance 
Department. The bursting charge for practice bombs consists 
normally of approximately two pounds of black powder in a 


ORDNANCE SAFETY MANUAL 129 


cloth bag. These charges are stored, handled, and shipped 
under the regulations for black powder as contained in Section. 
XIV. 

c. Bombs, and packing boxes and crates for bombs, are: 
marked to show the size, lot number, filler, and other charac- 
teristics; including the information required by the Interstate 
Commerce Commission regulations. The painting and marking 
of each bomb and its packing box or crate is accurately de 
scribed in the technical regulations referred to in paragraph. 
152. Bomb packing boxes which contain fuzes may be marked 
with a stripe of red paint to show the location of the fuze. 

154. Handling and shipping.—Bombs will be: handled with 
care and protected against shock. Those shipped without boxes 
or crates will have the fuze-holes in the nose and tail closed 
with suitable plugs, and all projecting lugs will be protected 
against damage. Bombs will néver be shipped with the primer 
detonator in place. Fin assemblies shipped separate or at- 
tached to bombs will be carefully protected so that they can 
not be damaged or bent. 

155. Storage.—a. In storing, a distinction may be made be- 
tween fragmentation bombs and demolition bombs. Fragmen-: 
tation bombs are packed in wooden boxes like fixed ammuni- 
tion, and are not liable to detonate en masse if a fire occurs in 
the magazine in which they are stored. They will be stored, 
therefore, in a manner Similar to that specified for fixed 
ammunition. 

b. Demolition bombs have very thin walls and are regarded 
as one of the most hazardous types of ammunition to store, be 
cause of their tendency to detonate en masse if a fire occurs or @ 
heated fragment is projected into the magazine in which they 
are stored. One of the most disastrous explosions on record 
originated from a fire in a magazine in which there were stored 
a large number of demolition bombs packed in boxes. No feas- 
ible way of separating bombs, or barricading piles of bombs in a 
magazine, so as to reduce the hazard of mass detonation, has 
been found. Safety can only be obtained by reducing the pos- 
sibility of fire to an absolute minimum; and bombs should be 
stored in a fireproof magazine and without inflammable dun- 
nage. At present there are few magazines available at Ordnance 
establishments which are absolutely fireproof; and it has been 
found necessary, therefore, to utilize explosives magazines, al- 
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though they have a wood floor, and to limit the quantity of 
bombs that will be stored in one magazine. 

c. To minimize the hazards due to fire, any demolition bombs 
which may be packed in wooden boxes or crates will be removed 
therefrom and stored with a minimum of inflammable dunnage. 
For this purpose, channel iron is recommended. Fuzes and 
primer-detonators, packed with demolition bombs, will be stored 
separately in accordance with instructions from the Chief of 
Ordnance. As the bombs are prepared for shipment to troops, 
all necessary components will be packed in the bomb crates in 
order that complete rounds may be forwarded. 

d. Demolition bombs will be so piled that the fuze cavities 
can be readily inspected, and visible signs of exudation detected. 
Bombs with fin assemblies attached will be carefully piled so 
that the fin assemblies are not damaged or bent. 

e. Bombs will be stored in those magazines which offer the 
best protection against fire and missiles. . 

156. Maintenance.—Maintenance activities include removal 
of rust, repainting and marking, the removal of exudate from 
the bombs and floors of the magazine, and repairs to containers. 
The removal of rust and repainting will not be done in a maga- 
zine in which explosives or ammunition are stored; but these 
operations may be conducted in an empty magazine, or in suit- 
able weather in the open, at a distance of not less than 100 feet 
from any magazine. HExudate, being a very dangerous fire haz- 
ard, will be cleaned from bombs and from the floors of maga- 
zines with hot water and a scrubbing brush. When bombs are 
repainted the painting and marking must be a facsimile of the 
original painting and marking. 

157. Renovation and salvage.—Bombs will not be renovated, 
salvaged, or modified except with the specific approval of the 
Chief of Ordnance, who will issue the necessary instructions for 
the performance of such work. 

158. Fires.—If a fire occurs in a magazine in which frag- 
mentation bombs are stored in boxes, it is probable that the 
bombs will detonate intermittently like fixed ammunition which 
is subjected to fire. If a fire occurs in a magazine in which 
demolition bombs are stored, it is almost certain that a mass 
detonation of the bombs will occur. Safety from mass detona- 
tion of bombs lies only in preventing fires and by reducing in- 
flammable dunnage and other inflammable material in the maga- 
zine to the absolute minimum. 
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SECTION XXII 
FUZES, PRIMERS, BOOSTERS, AND DETONATORS 
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159. General.—a. Fuzes, primers, adapters, and _ boosters, 
primer-detonators, and other similar loaded components of am- 
munition, when they are not assembled or packed with the 
projectiles or bombs with which they are to be used, form a 
distinct class of ammunition which will not be stored with 
other ammunition or explosives. 

b. Loaded components are divided into lots and will always 
be identified by the lot number. The number in a lot usually 
varies from 5,000 to 25,000 and is dependent upon the stage 
of manufacture and other factors. Each lot is made and 
tested under uniform conditions and has certain characteris- 
tics which require that the identity of all components in the 
lot be carefully maintained. Where practicable, the lot num- 
ber is stamped on the components, but it always appears on 
the containers in which they are packed. 

ce. The surveillance of loaded components is described in Sec- 
tion X of this manual, and the instructions for their destruc- 
tion are contained in Section XIII. 

160. Packing and marking.—a. In general, loaded com- 
ponents, packed separate from the ammunition or bombs with 
which they are to be used, are packed in wooden boxes having 
hermetically seated metal liners, or in individual tin containers 
within wooden boxes. The only exception to this practice is 
the packing of certain fuzes which contain no explosive. These 
are packed in boxes without tin liners. Each individual com- 
ponent is carefully supported in the box by trays or racks 
which are designed to protect them against shock from rough 
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handling. The number of components in a box, and the size 
and details of construction of the containers and boxes, are set 
forth on ordnance drawings and in specifications. 

b. The various methods used in painting and marking com- 
ponents and containers for identification are set forth in the 
technical regulations for artillery ammunition and bombs. The 
markings indicate the quantity, type and mark number, lot 
number, etc. 

161. Handling and shipping.—Loaded components offered 
for shipment will be supported or packed in containers so that 
‘they will not strike against each other. If the containers in 
which the components were originally packed are not available, 
‘boxes and trays which will insure protection against shocks and 
rough handling will be constructed. All loaded components, 
-even when properly packed, will be handled with care. They 
will not be thrown or dropped on the floor or on other con- 
tainers., 

162. Storage.—Components will be stored with the tops of 
the boxes up, and the storing of all of one type in a magazine 
should be avoided, if possible, because a fire or an explosion 
may result in the loss of the entire quantity of that particular 
‘type. 

All boxes and containers opened for inspection will be re- 
‘sealed and air tested. Boxes will be piled in accordance with 
ordnance drawing D&361. Incomplete boxes will be plainly 
marked for identification and placed on top of the piles. Open 
boxes of loaded components will not be stored in a magazine. 

163. Maintenance.—Maintenance includes repairs to con- 
tainers and the sealing and air testing of containers which have 
been opened for inspection. Containers opened for inspection 
of the contents will be resoldered or effectively resealed with 
surgeons’ adhesive tape and acid-proof black paint. No work, 
such as removing rust, repainting, etc., will be done except by 
specific direction of the Chief of Ordnance, who will furnish 
the necessary instructions. Containers will not be opened nor 
repaired in a magazine containing explosives or ammunition. 
This work will be done in a near-by empty magazine, in a re- 
packing room, or in the open during clear weather, at a distance 
of at least 100 feet from any magazine. 

164. Renovation and salvage.—Loaded components will be 
renovated, salvaged, or modified only in accordance with specific 
dJnstructions furnished by the Chief of Ordnance. 
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165. Fuzes.—c. Fuzes for artillery ammunition are usually 
Civided into four general classes: 

(1) Point detonating fuzes. 

(2) Base detonating fuzes. 

(3) Time fuzes. 

(4) Base percussion fuzes. 

b. Bomb fuzes are divided into two general classes: 

(1) Nose fuzes. 

(2) Tail fuzes. 

c. In the above-mentioned general classes are included delay, 
nondelay, superquick, combination time and percussion, and 
time fuzeg both of the mechanical and powder-train types. 
The details of construction, functioning, packing, marking, etc., 
are set forth on Ordnance drawings and in specifications. 

166. Primers.—a. Primers for the ignition of propelling 
charges of smokeless powder are divided into the following 
general classes: 

(1) Pereussion primers. 

(2) Friction primers. 

(3) Electrie primers. 

(4) Combination percussion-electric primers. 

(5) Igniting primers. 

b. The main charge of all primers is black powder. Detailed 
descriptions of the construction, functioning, use, packing, and 
marking of primers are set forth on the drawings and specifi- 
cations of the Ordnance Department and the technical regula- 
tions covering the ammunition for the various models and 
caliber of Army cannon, 

167. Adapters and boosters.—Adapters and boosters are of 
various types but are primarily for ammunition which is not 
issued fuzed. They are not issued as adapters and boosters, 
except for renovation work, because service ammunition always 
has the adapter and booster in place. A detailed description 
of the various types of adapters and boosters for high explosive 
and chemical shell, and bombs, will be found on Ordnance 
drawings and in specifications. Each adapter and booster is 
fitted with a metal, or tin and felt, plug to keep dirt and foreign 
matter out of the fuze cavity. In some cases two lot numbers 
may be found on the adapter, one representing the lot of the 
metal parts and the other added by the loading company. The 
loading lot number is the identifying number; but in case of 
doubt all markings will be reported. 


134 ORDNANCE SAFETY MANUAL 


168. Primer-detonators.—A primer-detonator is a unit as 
sembly of a primer and a detonator, and in some cases, inter- 
posed between these two units, is a column or pellet of explosive 
to give the required delay action. They are used with bomb 
fuzes. A detailed description of the various types of primer- 
detonators, including the details of construction, functioning, 
packing, marking, etc., will be found on drawings and in specifi- 
cations of the Ordnance Department. 

169. Other loaded components.—Ordnance establishments 
may also store loaded components such as detonators and 
primers for fuzes, grenades, ete. Such components will be 
stored, handled, shipped, and subjected to the same maintenance 
and surveillance as the other components discussed in this 
section. 

170. Fires.—a. Tests made at Aberdeen Proving Ground with 
piles of fuzes in boxes, similar to magazine piles, showed that 
in case of fire fuzes will detonate a box at a time with the 
formation of light missile hazards which have a very limited 
range, usually not over 200 yards. If a fire occurs in a maga- 
zine in which fuzes are stored, attempt should be made to put 
it out. If the fire can not be controlled the magazine should be 
abandoned and the etforts of the fire-fighting forces should be 
confined to protecting adjacent magazines. Personnel fighting 
the fire should seek such cover as is available, or protect them- 
selves against missiles by lying flat on the ground. 

b. When primers in sealed metal containers and wooden boxes 
are subjected to fire they usually explode a box at a time. 
There are no records in the Ordnance Department which indi- 
eate that a mass explosion is to be expected with primers packed 
in the above-described manner. Every effort should be made, 
therefore, to control a fire which involves primers. The above 
remarks, however, do not apply to primers which have been 
removed from their containers and are in intimate contact with 
each other, for under such conditions it is definitely known that 
a mass explosion will occur. 

c. When packed in boxes most of the smaller types of adapters 
and boosters, such as the Mk. III and Mk. III-A, explode a box 
at a time. Some of the larger types of boosters, however, such 
as the Mk. II, Mks. IV-B, and VI-B, and bomb boosters, may 
detonate in larger quantities of several boxes at one time. The 
missiles formed are usually light and have a limited range, and 
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the fire can usually be controlled and prevented from spreading 
to adjacent magazines. 

171. Safety precautions.—Fuzes, primers, adapters and 
boosters, primer-detonators, etc., are loaded with explosives 
which are sensitive to shock and friction. Components of these 
types are supported in trays or racks, to protect them against 
shock, but they must be handled with care at all times. The 
covers of wooden boxes for fuzes, etc., are fastened with screws. 
Nails will not be used. 
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TRENCH-WARFARE AMMUNITION 
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172. General.—a. The types of trench-warfare ammunition 
stored at Ordnance establishments are, in general, the 3-inch 
trench-mortar ammunition, hand grenades, and rifle grenades. 
For possible emergency issue also a limited quantity of 6-inch 
trench-mortar ammunition is maintained. All shell are marked 
with an ammunition lot number, but in the case of the grenades 
the lot number appears on the container in which they are 
packed or on a data card inserted in the container. A lot is 
determined by the uniformity of the materials used in the manu- 
facture of the ammunition, by loading conditions, and other 
factors which tend to make the individual rounds as nearly 
identical with each other as possible. This material should be 
identified always by the ammunition lot number. 

b. Detailed descriptions of 3-inch trench-mortar Shell, and the 
various grenades, may be found on Ordnance Department draw- 
ings and in specifications. (For trench-mortar shell, see TR 
1350-3A ; for hand grenades, see TR 1350-B; for rifle grenades, 
see TR 1350-C.) 

173. Trench-mortar shell.—a. There are three types of 
83-inch trench-mortar ammunition: 

T8878—31—_—_10 
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(1) High-explosive shell—This type of shell was loaded at 
one time with a nitrostarch explosive, but these shell have been 
salvaged and only those loaded with T. N. T. are now stored. and 
issued. 

(2) Practice shell_—The practice shell is loaded with sand 
and assembled with a practice booster, which is loaded with 
black powder. This type of loading gives a burst, on firing, 
which is sufficient for observation and practice purposes. 

(83) Smoke shell_—The smoke shell is described in Part IV 
of this manual with other chemical warfare ammunition. 

b. The 6-inch trench-mortar shell is made of cast iron and 
is loaded with a bursting charge of high explosive. It is det- 
onated by means of a fuze and booster. The fuze hole is 
closed by a closing plug, the fuze not being assemb‘ed until just 
prior to firing. The propelling charge consists of sporting 
ballistite which is ignited by an ignition cartridge. 

174. Grenades.—Grenades are of two types, hand and rifle, 
which in turn are classified as fragmentation, practice, and 
chemical. 

a. Fragmentation grenades are loaded with T. N. T., or with 
BH. C. blank-fire powder. The firing mechanism (now known as 
“grenade fuze”) for T. N. T. loaded grenades consists of a 
primer, a slow-burning fuze, and a detonator. The grenade 
fuzes for grenades loaded with EH. C. blank-fire powder are 
Similar to those for T. N. T. grenades except that they do 
not include a detonator, but are provided with a black-powder 
igniter to explode the bursting charge. 

b. Practice grenades are empty grenade bodies fitted with 
loaded grenade fuzes similar to those used with T. N. T. loaded 
grenades. 

c. Chemical grenades are discussed in Part IV of this manual 
with other chemical-warfare ammunition. 

175. Packing and marking.—a. Three-inch trench-mortar 
shell are packed as complete rounds. The box contains three 
shell and the required number of boosters, fuzes, and propelling 
eharges. The box is divided into compartments for the shell 
and components, and the components are packed in tin or fiber 
containers. The propelling charge consists of two components, 
the ignition cartridge and the powder rings. A detailed de 
scription of the packing will be found on ordnance drawings and 
in specifications. The painting and marking of the shell and 
components are described in technical regulations. 
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b. The 6-inch trench-mortar shell is not packed as a complete 
round. The shell, including bursting charge, adapter and 
booster, and closing plug, is packed one to a box, while the pro- 
pelling charges are packed 20 to a box. This same box also 
contains 20 ignition cartridges and clips and 6 misfire charges. 

c. Grenades are packed in three ways: 

(1) With the grenades and grenade fuzes each in a separate 
compartment of the box. 

(2) With the grenades and grenade fuzes each in separate 
boxes. 

(3) With the grenade fuzes assembled to the grenades. The 
last-named method is only used when the grenades are loaded 
with E.C. blank-fire powder. Each individual grenade and 
grenade fuze in the box is supported in racks or trays to pro- 
tect them from shock and accidental explosion. The painting 
and marking of grenades are given in technical regulations, on 
ordnance drawings, and in specifications. ‘ 

176. Handling and shipping.—No special precautions other 
than those set forth in Interstate Commerce Commission regu- 
lations and Section VIII of this manual are prescribed for 
handling and shipping trench-warfare ammunition. It is 
packed in strong containers which afford protection unless sub- 
jected to extremely rough handling. Boxes which have been 
stored for a long time, and which may not be as strong as 
when manufactured, will be reenforced with metal strapping, 
if necessary. 

177. Storage.—a. Trench-warfare ammunition in boxes should 
be stacked in accordance with the regulations for fixed ammu- 
nition, as outlined in Army Regulations 700-10, Section IV. 
Good ventilation to all parts of the piles should be arranged 
by uSing dunnage, if necessary. 

b. This type of ammunition should be stored in wooden boxes, 
preferably of the same type in which it was packed originally, 
and the boxes will be effectively closed. No open boxes will 
be permitted in magazines. Loose rounds, not in boxes, will 
not be stored in magazines. Incomplete boxes of ammunition 
will be carefully marked so that they can be identified readily, 
and they will be stored with the lot to which they belong. 

178. Maintenance.—Trench-warfare ammunition is subject to 
deterioration, Such as rust and exudation. Maintenance, 
therefore, may involve the removal of rust, repainting, and 
marking, and the removal of exudate from the exterior of the 
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shell and floors of the magazine. Exudate will be removed by 
scrubbing with hot water. Rust removal, repainting, repack- 
ing, etc., will not be done in a magazine where ammunition is 
stored, but may be carried on in a near-by empty magazine, 
or in the open at least 100 feet from the magazine during suit- 
able weather. 

179. Renovation and salvage.—Trench-mortar shell, gre- 
nades, or grenade fuzes will be renovated or salvaged only in 
accordance with specific instructions furnished by the Chief of 
Ordnance. 

180. Fires.—If trench-mortar shell or grenades, stored in 
boxes, are subjected to fire they will usually explode progres- 
sively, a box at a time, like fixed ammunition, and intermittent 
explosions of the shell in one box will take place. The same 
precautions will be observed, therefore, as have been outlined 
for fixed ammunition in Section XIX of this manual. 
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181. General.—a. Pyrotechnics for military use are divided 
into two general classes, illuminating and signaling, and these 
two classes are further subdivided into pyrotechnics for ground 
troops and aviation pyrotechnics. A detailed description of the 
pyrotechnics made in 1917-18 will be found in Volume II of 
O. O. Form 2027, Military Pyrotechnics, while pyrotechnics 
made since that time are described in technical regulations, on 
ordnance drawings, and in specifications. 

6b. Pyrotechnics are divided into lots and each lot represents 
a definite quantity that has been manufactured and tested under 
uniform conditions. The lot number usually appears on the 
individual pyrotechnics and on the containers. 

c. The surveillance of pyrotechnics is described in Seetion X 
of this manual, and the instructions for their destruction are 
contained in Section XIII. 
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182. Packing and marking.—Pyrotechnics of all types are 
packed in wooden boxes; and the smaller types, such as signals, 
ete., are packed in the wooden boxes and sealed cartons. The 
cartons, and also some of the individual cartridges, have been 
dipped in paraffin to protect them from moisture. The methods 
of packing pyrotechnics made during 1917-18 are described in 
O. O. Form 2027, Military Pyrotechnics, and for pyrotechnics 
manufactured since the war, in technical regulations, on ord- 
nance drawings and in specifications. Pyrotechnics and their 
containers are labeled or marked to show the type or kind, 
manufacturer, lot number, and quantity. 

183. Handling and shipping.—Military pyrotechnics are 
shipped in accordance with the Interstate Commerce Commis- 
gion regulations for fireworks. They will be handled with care, 
and the containers will not be subjected to rough handling 
which may damage the contents, 

184. Storage.—Pyrotechnics will be stored in accordance 
with AR 700-10, Storage and Issue. Any boxes which show 
signs of dampness or moisture will be carefully examined; and 
if the contents are damp or wet the pyrotechnics will be 
destroyed. 

185. Maintenance.—Only pyrotechnics which are made with 
metal cases, such as aviation cartridges and airplane flares, are 
reconditioned or renovated, and such work will be done in 
accordance with specific instructions of the Chief of Ordnance. 

186. Fires.—Some pyrotechnics may ignite spontaneously if 
subjected to adverse conditions such as moisture and high tem- 
peratures; but, as a general rule, most types tend to become 
less sensitive and more difficult to ignite and burn. These re- 
marks apply mainly to pyrotechnics manufactured during the 
World War, as pyrotechnics manufactured since that time are 
well protected against deterioration in storage. A very hot 
fire is created by burning pyrotechnics as practically all types 
contain some oxygen-bearing constituents. This makes it diffi- 
cult to put out a fire with water, but water lowers the tem- 
perature of the burning pyrotechnics and is suitable for fighting 
fires involving pyrotechnics. Pyrotechnics such as airplane 
flares may explode, but most other types burn with an intense 
heat and without serious explosions. 

187. Safety precautions.—Pyrotechnics should be protected 
against moisture and should be handled with care and protected 
against shocks. The boxes should not be dropped or thrown. 
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If pyrotechnics are exposed to moisture, they should be segre- 
gated from all other materials until an examination has been 
made to make sure that they are serviceable and are not 
dangerous. 
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DEMOLITION MATERIAL 
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188. General.—There are a number of types of ammunition 
and explosives, such as blank ammunition, smoke-puff charges, 
triton blocks, blasting caps, ete., which have not been previously 
discussed. In this section these are briefly described with 
reference to storage, maintenance, and general safety pre- 
cautions. 

189. Blank ammunition.—Technical regulations No. 1360—-A 
cover the preparation and use of blank ammunition, accurately 
describe the various types, and specify the safety precautions 
that must be observed. The former practice of issuing bulk 
black powder for saluting charges has been discontinued, and 
the saluting charges are now issued in bags. These saluting 
charges will be treated in the same manner as described for 
bulk black powder in Section XIV of this manual. 

190. Smoke-puff outfits.—The only items of the smoke-puff 
outfit that are of interest from an ammunition and explosive 
standpoint are the black-powder charges and percussion caps. 
The black-powder charges are in small boxes and are packed in 
cartons and wooden boxes. These charges will be handled in 
the same manner as black powder, and the regulations of 
Section XIV will govern their storage, handling, and shipment. 
The percussion caps are packed in containers and wooden boxes, 
and will be stored in accordance with the provisions of Section 
XXII, Fuzes, Primers, Boosters, and Detonators. 

191. Demolition material.—a. The Ordnance Department 
stores for the Engineer Corps of the Army, several kinds of 
demolition materials, such as explosive blocks, dynamite, blast- 
ing caps, blasting fuzes, etc. 

b. Explosive blocks, sometimes referred to as T. N. T. or 
triton blocks, are rectangular blocks of trinitrotoluol, weigh- 
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ing one-half pound and having a cavity into which the det- 
Onator, or blasting cap, is inserted. Cylindrical sticks of 
T. N. T., weighing approximately one-half pound, may be in 
Store. These materials will be stored in accordance with the 
provisions of Section XV of this manual, High Explosives. 

c. No. 6 and No. 8 blasting caps, electric blasting caps, Ensign 
Bickford type fuse, and Cordeau Bickford fuse will be stored 
im accordance with the provisions of Section XXII, Fuzes, 
Primers, Boosters, and Detonators. 

d. Dynamite will be stored in accordance with the provisions 
of Section XV. Special attention will be given to oily stains 
or exudation of nitroglycerine, and stains of this nature appear- 
ing on the floor of the magazine will be neutralized by scrub- 
bing the floor thoroughly with a solution of one-half gallon 
of water, one-half gallon of wood alcohol, and two pounds of 
sodium sulphite or potassium sulphite. 
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METAL COMPONENTS 
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192. General.—a. Metal components, loaded and unloaded, 
form an important part of the reserve of ammunition which is 
maintained for use in an emergency. They will always be pro- 
tected against rust, deterioration, or damage, so that when 
shipped to a loading plant only such simple operations as 
cleaning and repainting will be required to make them ready 
for loading and assembly. 

b. Metal components, when manufactured, are divided into 
lots. The number in a lot varies greatly for the various types 
of components, and with the stage of manufacture and other 
similar factors. The first lots manufactured are usually small 
and contain from 1,000 to 5,000 units, but as manufacturing 
methods become well established the lots may increase in size 
to 25,000 or 50,000 units. Lots of small components such as 
primers, boosters, fuzes, etc., are much larger than lots of 
projectiles and bombs. Metal components are manufactured to 
meet certain definite physical and chemical requirements of 
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War Department specifications and drawings, and therefore 
each lot is accepted for use on the basis of specific tests and 
inspections. 

c. The surveillance of metal components is described in 
Section X, paragraph 66, of this manual. 

193. Packing and marking.—a. Considerable variation 
exists in the methods used for packing metal components, be- 
cause under normal conditions they are usually shipped direct 
from a manufacturing plant to a loading plant in carload lots. 
To avoid unnecessary expense it is the general policy to pack 
components in boxes, crates, etc., which can also be used for the 
shipment of the same components after they are loaded. For 
example, many of the inert fuzes now in storage are packed 
in the standard boxes for loaded fuzes, the only difference being 
that the metal liners are not sealed. The above policy can not 
be applied to components for rounds of fixed ammunition, of 
course, and cartridge cases are usually packed in wooden or 
fiber cases, while shell and shrapnel, such as those for 75-mm. 
and 3-inch ammunition, are packed in wooden boxes of a con- 
venient size and weight. 

b. While considerable variations therefore exist, it will be 
noted in all eases that the main objective is to make certain 
that the method used will protect the components against ‘dam- 
age during shipment, and afford reasonable protection against 
deterioration in storage. 

c. All metal components are identified by mark or model num- 
bers, lot numbers, manufacturer’s initials, and inspector’s in- 
itials. Wherever possible this information is stamped directly 
on the components, and always on the containers in which com- 
ponents are packed. The place where the marking will be found 
is shown on the Ordnance drawing for each component. For 
example, the lot number, manufacturer’s initials and inspector’s 
initials are stamped into the steel body of a shell just forward 
of the rotating band. In most cases this stamping iS not visible 
until the paint or protective coating is removed. 

194. Handling and shipping.—Where, practicable, metal 
components will be shipped in accordance with the methods 
specified for loaded components. Empty shell should be shipped 
in accordance with the specifications for Packing Projectiles in 
Freight Cars, W. D. No. 50-21-4. Care will always be taken to 
see that the components are handled and shipped so that they 
will reach their destination in good condition. 
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195. Storage.—a. All metal components which form part of 
the reserve, and which may remain in storage for a number of 
years, will be carefully protected against deterioration, and, if 
necessary, they will be reconditioned or renovated in accordance 
with specific directions of the Chief of Ordnance. 

b. They will be stored in buildings which afford good protec- 
tion against the weather and particularly against moisture and 
dampness. Temporary buildings with steel or corrugated-iron 
roofs, and buildings with a dirt floor, are not suitable for the 
storage of metal components. Magazines or warehouses with 
concrete floors should be used. ‘The roofs of buildings in which 
metal components are stored should be inspected frequently, for 
if a leak occurs the material which becomes wet will usually 
require reconditioning or renovation. Corrugated-iron roofs 
are subject to sweating and considerable damage may result 
from this cause. 

ec. Metal components in boxes will be piled in accordance with 
the general instructions of AR 700-10, Storage and Issue, but 
precautions will be taken to insure that the components at the 
base of the pile are not damaged, and that the weight of upper 
tiers will not crush the boxes in the lower tiers and allow the 
pile to topple over. For example, cartridge cases for 75-mm. 
ammunition are stored in fiber containers. If the containers are 
stored so that the cartridge cases are standing squarely on their 
bases they will support several upper tiers without damage, but 
if the cartridges are stored on their sides the containers may 
collapse and the cartridge cases will be damaged. Cartridge 
eases which are not packed in containers should be stored on 
their bases and not on their sides. Boards should be placed 
between each tier to distribute the weight and insure a stable 
pile. In storing empty shell, precautions will be taken to pro- 
tect the rotating bands, and when dunnage is not used, shell 
will be staggered in piles, so that no weight comes on the bands. 
A solid foundation is of primary importance, because if the 
foundations give way and the piles topple over the shell may 
be badly damaged. In piling and stacking metal components 
the allowable floor load will be determined and the weight of 
the components in a pile will be checked, to see that this allow- 
able floor load is not exceeded. 

196. Maintenance.—Metal components which are reported as 
deteriorating will be reconditioned or renovated in accordance 
with specific instructions furnished by the Chief of Ordnance. 
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197. General.—a. In addition to the safety regulations con- 
tained in Parts I, II, and IV of this manual, which also must 
be observed when applicable, the following rules and regulations 
will govern operations in buildings, rooms, or portions of a 
plant in which hazardous materials are manufactured, loaded, 
or handled. 

b. The rules as formulated herein offer the minimum require- 
ments compatible with proper safety. It is not intended to 
limit the establishments in this direction, and it should be ex- 
pressly understood that commanding officers are entirely free 
to superimpose any additional safety rules which may be de- 
sirable because of local conditions which necessarily could not 
be covered by the general nature of this manual. 

c. “ Hazardous materials” may be defined briefly as sub- 
Stances in such form and condition as to be liable to detonation 
or explosion from spark, heat, friction, or shock, and also sub- 
stances liable to violent combustion with the generation of high 
pressures if confined. 

d. “Operating buildings ” are those buildings, rooms, or por- 
tions of a plant in which operatives are regularly employed in 
the process of manufacturing, loading, packing, or otherwise 
handling hazardous materials. 

198. Safety organization.—a. The safety organization of a 
manufacturing or loading plant necessarily should be more 
extensive than that of a storage establishment. A satisfactory 
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organization for large plants should consist of: (1) A safety: 
board, (2) all foremen. 

b. The safety board should consist of three or more members © 
appointed by the commanding officer. It may include in its 
membership, for example: 

(1) The officer in charge of manufacturing activities. 

(2) The resident safety engineer. 

(3) The superintendent of production. 

(4) The plant safety engineer. 

c. The duties of a safety board are to eStablish all safety 
measures necessary for the proper safeguarding of personnel 
and property. This board should determine the maximum 
amount of hazardous material and the maximum number of 
persons to be permitted in each operating room of the plant. 
Before starting work with any new method or equipment all 
drawings and operations should be approved by the board. 
When drawings are submitted for approval, provision should 
be made for the signatures of the safety board. If a drawing 
is approved by the board it must receive also the signature 
of the commanding officer before any operation is started. 

d. All foremen—that is, all persons in charge of operations 
and employees—are responsible through the plant organization 
for the enforcement of safety rules, standards, and instructions 
for handling explosives and loaded ammunition or components. 

199. Duties of a resident safety engineer.—a. The resident 
safety engineer is the supervisor of safety in the establishment. 
He is appointed by the commanding officer and represents the 
commanding officer in all matters pertaining to the safety 
organization of the plant. 

b. He is charged with the enforcement of all safety regula- 
tions and safety standards, but he has no authority to waive 
or alter any of these provisions nor to permit their violation, 
except in temporary emergencies, as in the case of fires or ex 
plosions. When violations of the safety regulations have been 
brought to his attention he will recommend the necessary 
penalties. 

c. He is required to supply the foremen with all publications, 
placards, signs, and notices pertaining to safety, required to be 
posted in the plant. 

d. He is required to make occasional inspections of the en- 
tire plant aud have the employees’ clothing searched at irregular 
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intervals. These searches should include change houses and 
their contents with the employees present if the search is made 
during working hours. 

e. He will organize and assume charge of the employees in 
case of fires or explosions. 

f. He is required to provide first-aid training to a sufficient 
number of employees in order that, in case of need, there will 
be at least one person present competent to give first aid. 

g. He must insure that hand and chemical fire extinguishers 
and equipment are provided as may be required, also sand pails, 
water pails, and other fire-fighting apparatus, the apparatus to 
be marked “For fire only” and not be used for any other 
purpose. 

h. He will insure that the necessary lunch rooms, change 
rooms, showers, sprays, plunges, shelters, and bombproofs are 
provided. 

i. He is required to hold a fire drill once each week in dif- 
ferent locations, in order that in time the entire plant will be 
covered, thereby locating any defects in the fire-fighting equip- 
ment. 

j. He is required to devise safe methods for the disposal of 
waste materials. Separate receptacles for explosive waste and 
nonexplosive waste are necessary, the former to be painted red. 

k. He should be a member of all investigating boards con- 
vened to determine the cause of fires, explosions, or accidents in 
the plant. 

it. He will have prepared a monthly report of all major and 
minor accidents, post a copy on all plant bulletin boards, and 
send a copy to all employees charged with the supervision of 
other employees. 

200. Hazardous operations.—a. All process equipment must 
be examined by a competent person specifically designated for 
the purpose, to insure that it is in proper and safe working 
condition before work is commenced. 

b. If machinery or other equipment is out of order or gives 
indication of improper operation or serious defect, or if foreign 
substances or objects are discovered in hazardous materials, 
work must be stopped at once, unless the dangerous condition is 
immediately corrected. All such cases must be reported to the © 
proper authority. 
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c. No operations in which hazardous materials are involved, 
other than their addition or removal, shall be permitted in any 
storage building. 

d. Hazardous materials in loose or liquid form must be 
transported in covered containers. No liquid explosives shall 
be carried outside a building by hand in buckets, unless special 
permission is obtained from competent authority. 

e. The dust of hazardous materials, as well as clothing, paper, 
or other inflammables, must be kept off radiators, heating coils, 
and steam or hot-water pipes. 

f. Efficient drowning tanks and arrangements for rapid 
drowning must be provided for all hazardous materials in an 
acid state which are liable to decomposition. 

g. Paints, oils, etc., unnecessary to the operation shall not 
be permitted to remain in operating buildings. Oily waste 
must be kept in approved waste cans. 

h. No experiments, tests, or other than routine work, will be 
undertaken in an operating building without first notifying 
the person in charge. If such work adds to the general hazard 
and can be performed otherwise, it must not be done during 
operations or with unnecessary persons present. 

4. Major repairs or changes will mot be undertaken in an 
operating building during regular operations, nor without the 
removal of the hazardous materials, nor without the knowledge 
of the employee in immediate charge of the building, nor with 
unnecessary persons in the immediate vicinity. Loose hazard: 
ous materials must be cleaned up and surfaces washed or 
-desensitized as far aS practicable. 

j. Immediately after any repairs or changes all tools and 
material must be removed and accounted for before the building 
is in proper condition to operate. The person in immediate 
charge of such work may remain in the building to see that it 
operates properly, but he shall first send his assistants to a 
safe distance. 

k. Waste materials, sweepings, or refuse contaminated with 
hazardous materials must not be left in or near operating 
buildings. It should be taken as soon as practicable in closed 
containers to buildings set apart for its recovery, or to the 
‘burning ground to be destroyed in small quantities under care 
ful supervision. Such material must not be buried or throw! 
in any stream or tidewater unless it is decomposed by or is 
soluble in water, 
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1. Condemned equipment which has been used with hazardous 
materials must not be removed outside the plant until it has 
been freed from contamination. 

m. All operating buildings must be kept clean and orderly, 
and their immediate surroundings must be maintained clear of 
rubbish, undergrowth, or other readily inflammable matter. 
All implements must be kept in designated places. Explosive 
or highly inflammable dust must not be permitted to accumulate. 

nm Tools or other implements used in the vicinity of hazard- 
ous materials must be handled carefully and kept clean. Metal 
tools used in any operation shall be only those approved by 
competent authority, and the method of their use must be 

specifically outlined. 
0. Containers of hazardous materials, shell, and other heavy 
Objects must be lifted or wheeled, and not dragged, dropped, or 
__ thrown about in operating buildings. 
: ~ p. Before freight cars, trucks, or other conveyances or ear- 
wtk- riers which have contained hazardous material, leave the plant 
IM they must be inspected and freed from contamination. 
ie él q. Portable extension lights must not be introduced into 
‘ operating buildings while hazardous materials are present, 
w° unless absolutely necessary. Only a light equipped with outer 
hint : vapor-proof globe and cage, keyless socket, and reenforced or 
wi? armored extension cord will be used as a portable light. Con- 
‘Itt ™ nections for such necessary lights should be located outside of 
xe lt Quildings, if practicable; but if necessary to use inside connec- 
wall” tions, the electric current should be cut off from the lighting 
' cireuit before inserting or disconnecting the plug from the 
tools 7 socket. The use of portable lights in buildings containing 
yevt hazardous materials should be discouraged, and if the need for 

im} a light can be foreseen, it should be installed as a permanent 
cee chat fixture. 
quis"| 7, Hand fire equipment may be provided at operating build- 
| ings, but operatives must be warned against its use if an explo- 
sated “ sion is imminent. In case of fire in buildings containing loaded 
rowel} shell or explosives which may detonate or explode upon ex- 
Je iD ds posure to intense heat, employees must leave the vicinity after 
a 0) the fire has passed the incipient stage. This provision applies 
yndet “| also to hazardous materials in closed vessels or tanks exposed 
ior "| to intense heat. 
ed yf 78878—31——11 
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s. Safety shoes and special clothing will be worn in operat- 
ing buildings containing hazardous materials, as required by 
the type of material or nature of the operation. 

201. Intraplant transportation.—a. Steam locomotives en- 
gaged in intraplant hauling must have an extra ash pan that 
will prevent the dropping of hot cinders and ashes, They must 
have internal and external spark arresters. Fires in locomo- 
tives must not be started, cleaned, or dumped except at desig- 
nated places. A monthly report of the inspection of locomotives 
must be filed with the resident safety engineer. 

b. Chemical fire extinguishers must be carried on all locomo- 
tives and self-propelled vehicles. 

c. The carrying of hazardous material on locomotives, tenders, 
or electric tractors, is prohibited. 

d. Locomotives or electric tractors must not remain in front 
of buildings containing hazardous materials for a greater time 
than is necessary to “spot” cars for loading or unloading pur- 
poses, nor to pass these buildings except when the doors are 
closed. | 

e. Switching cars by the use of a “flying switch” is pro- 
hibited. All Interstate Commerce Commission safety regula- 
tions relating to safety devices, safety guards, etc., should be 
applied to intraplant transportation. 

f. Prominent crossing signs should be displayed on each side 
of all railroad crossings. Openings between the rails must be 
covered by suitable grill work at crossings. 

g. Trestles must have a walkway and railing on one side. 

h. Standard-gage tracks should have the following clearances: 

From center of track to a loading platform, 7 feet. 

Opening from center of the track to jamb-post of gateways, 
doors, posts, etc., 8 feet 6 inches. 

From the top of the rail, overhead clearance, 21 feet 6 inches. 

From the top of the rail to wires carrying under 300 volts, 
25 feet. 

From the top of the rail to wires carrying over 300 volts, 
35 feet. 
Center line to center line of standard-gage tracks, 13 feet. 

i. Tramears, trucks, and other conveyances used in the trans- 
portation of hazardous materials must be so constructed that 
no part of the load can fall off. 
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j. Motor trucks or other carriers with metal strips in the car 
bottoms must not be used in the transportation of hazardous 
materials unless a wooden floor or lattice is provided. 

k. Trucks or wagons loaded with hazardous materials must 
not stop near any point where a fire may be burning, including 
blacksmith shop, forge, welding plant, burning plant, or loco- 
motive. Trucks so loaded must not be left unguarded. 

l. Trucks used in the transportation of hazardous materials 
must be kept in good condition, particularly as to brakes, tail 
gates, doors, exhausts, leaks of fuel, etc. A monthly inspection 
report on each car so used must be filed with the resident safety 
engineer. 

m. Segregation of explosives and loaded components should 
be in accordance with the chart on storage segregation (Sec. 
IX) so far as practical during intraplant transportation. 

n. No explosives or hazardous material, whether in contain- 
ers, in bulk, or loaded into projectiles, may be handled roughly, 
thrown about, tumbled over the floors, or over other containers, 
dragged or pushed along the floor, or in any way handled so 
that shocks or friction may cause a fire or an explosion. 

o. Narrow gage or industrial tracks should have the following 
clearances: Width not less than 18 inches over the widest car 
used ;. headroom not less than 7 feet. Center to center of par- 
allel tracks should equal the width of the widest car, plus 2%4 
feet. 

202. Machinery.—a. All protective appliances required by 
the laws of the State in which the plant is located must be 
installed, whether or not specifically included in these safety 
standards. 

b. All machinery must have moving parts housed or guarded 
by protective appliances approved by the safety department. 

c. Whenever practicable all protective appliances should be 
removable and readily replaceable. Such protective appliances 
must be strong enough to retain their shape when removed. 

d. Metal protective appliances should be used on all perma- 
nent installations, except in such process buildings where metal 
may be considered as increasing the hazard. 

e. Where access to the machinery is necessary while it is in 
motion, protective appliances or sections of the same may be 
hinged. Positive locking devices are required, and in case of 
covers or gates, provision must be made to prevent the devices 
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from being self-closing. No removable or hinged sections are 
permissible for use of routine oiling while machinery is in 
motion. 

f. Where grease, graphite, wax, paraffin, or other materials 
on floors would tend to make the surface slippery, nonslip sur- 
facing material such as sheet lead, rubber, or fiber matting, 
expanded metal or feralum should be used, particularly in loca- 
tions where operators stand. 

g. Serious accidents have occurred in the handling and use 
of discarded explosives process machinery, pipe fittings and 
equipment, because all waste explosives had not been removed. 
Before any equipment used in the manufacture or handling of 
explosives is moved from the area where it has been in use, 
it must be cleaned and thoroughly inspected. Before selling 
any scrap metal which has been previously used in the manu- 
facture of explosives, it must be heated in a hot fire at the 
burning ground at a temperature higher than the decomposi- 
tion point of the explosive, which may not have been entirely 
removed in the cleaning process. 

h. All exposed projections attached to revolving shafting 
must be guarded. 

i. Shafting within 7 feet of the floor must be completely 
guarded. Provision must be made for the safe oiling of all 
bearings. Overhead chains or belts which because of speed or 
size would injure operators, on breaking, must be guarded. 
Every spoke pulley revolving at a speed of more than 50 revo- 
lutions per minute, the bottom of which is 6 feet or less above 
the floor, or working level, shall be protected by filling in the 
space between the spokes or by guarding as required for belts. 

j. All belt shafting and starting devices should be simple, 
with locking attachments in the stop position. Shafting and 
starting or stopping handles must be in a safe location and must 
not project into the passageway or be otherwise located so that 
the machine may be accidentally started. 

k. Belt shifting by poles should be avoided. Where it is 
necessary to have pegs for idle belts they must keep the belts 
away from moving parts, bearings, oil, or grease. 

l. Safety stops should require unlocking and resetting before 
the machine can be started. All electrical safety-control appa- 
ratus should operate at not exceeding 110 volts. 

n. At all points where equipment is being repaired, oiled, or 
which for other reasons must not be started because of danger 
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to some employee, a danger sign will be attached to the starting 
handle of the switch. The danger tag will be provided with a 
space for the signature of the employee in charge of the work, 
also a space for the signature of the emp!oyee who turns on the 
power after a shutdown. 

o. Chains, hooks, slings, and ropes must be regularly in- 
spected. Chains and hooks should be periodically annealed and 
the record of annealing filed with the resident safety engineer. 

p. All woodworking shops other than small repair shops 
should have an efficient exhaust system for wood waste. 

q. Planer heads must be substantially covered with a remov- 
ab.e guard to cover the exposed portion of the planer blades. 

r. All rotating parts of woodworking machinery should be 
free from all projections or should have the projections guarded 

8. Drilling and mortising machines should have a suitable 
positive device to prevent the drop of the drill head or mortis- 
ing head. 

t. Circular saws must be completely incased below the table 
and must have an adjustable hood protecting the operator above 
the table. Band saws must have both wheels and return side 
of band incased with a substantial removable housing. The 
cutting side must be housed with an automatically adjustable 
guard, giving protection at all openings or capacities. 

u. Jointers and surfacing machines must be equipped with 
safety cutter heads. Power shapers, matching machines, 
mortising machines, tenoning machines, and similar types of 
machines must have cutter heads completely hooded or guarded. 
Sanders must have a revolving head hooded with an auto- 
matically adjusted guard. 

vw. Nailing machines must have safety housing and safety 
stop devices. 

w. Lathe chucks and lathe dogs should be of the safety 
type with protecting heads and rotating parts guarded. 

x. Vertical drill press cutting tools should be guarded and 
should have a suitable positive device to prevent drop of the 
drill spindle. 

y. Emery wheels must have a substantial safety hood and 
should have large-size flanges with cushioned washers. Speed 
of emery wheels must not exceed the manufacturer’s guarantee. 
Examination of the wheel for cracks should be made at regular 
intervals, and the face shculd be turned up at frequent 
intervals. 
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z. In pneumatic reciprocating tools the detachable part must 
have a positive fastening or locking device. 


SECTION XXVIII 


SAFETY STANDARDS FOR MANUFACTURING AND 
LOADING BUILDINGS 


Paragraph 
Generil:.< 22025 a ees Pee eee eee eee ek - 203 
Manufacturing and loading buildings__.____-__.---_-------~----- 204 
Acids and inflammable materials buildings._---.--.---_-~---- - 205 
Storage of volatile liquids.__-_.____-_-__-_-_---.---__------.-__ 206 
Sprinkler and deluge systems__.___---~-~~_------------~-_-+--~ 207 
Power house and equipment____~____~__-~___u_- eee 208 


208. General.—a. There is a large variety of acids and 
chemicals used in the manufacture of explosives, and each one 
has certain characteristics which must be considered from 
handling, storage, and safety viewpoints. Detailed descriptions 
of the more important of these materials will be found in 
Section XXIX, Storage and Handling Hazards of Raw Mate- 
rials, Explosives, and Inflammables. 

b. In operations involving the manufacture or loading of 
hazardous materials it is essential that buildings and facilities 
be planned and used with due regard to the safety of the 
various processes as well as for convenience of production. 
The regulations of this section are intended to cover the special 
requirements and hazards of manufacturing and loading plants. 

204. Manufacturing and loading buildings. —a. Dis- 
tances.—The space between buildings will be in accordance 
with the intraplant quantity and distance table. (Seé Sec. VII, 
par. 32.) 

b. Ventilation —All buildings where fumes or explosives dust 
is produced in the operations must be thoroughly ventilated to 
prevent poisoning of the operators. 

c. Heat and power.—(1) When heating is required in build- 
ings containing explosives it will be direct or indirect, depend- 
ing upon the character of the explosives in the building. In- 
direct heat is used in buildings where fulminate of mercury is 
dried and where loading operations are conducted. Where the 
heating is direct it is supplied by radiators or pipe coils under 
& pressure of not more than 5 pounds gauge pressure. 

(2) When power is required in rooms containing explosives 
or inflammable vapors the power should be supplied from an 
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exterior source. Motors and engines should be located in sepa- 
rate buildings or in separate rooms or additions. Such rooms | 
or additions should have no doorways connecting a process 
room with the power or motor room. 

da. Lighting.—The lighting facilities must equal standard re- 
quirements for various types of work. Blectric lights in ex- 
. plosives buildings must be inclosed in vapor-proof globes. 
Where conditions are extra hazardous lights may be placed 
outside the buildings in order that the lights may reflect 
through a window or special opening. When an extension 
electric light is required an electric connection should be pro- 
vided on the outside of the building. Artificial light and day- 
light should not be less in foot candles than given in the 
following table: 


General storage_____--- 0.25 | Rough work —-.-----___ 2. 00 
Stairways _____-_______ 1.00 | Precision work___2._____ 4.00 
Toilets and change Office work. .._..______ 5. 00 
rooms__-----.__-___- 1.00 | Drafting _-._.--_-_____ 10. 00 
Foundries ____--_______ 2.00 | : 


e. Windows.—In explosives or hazardous areas the windows 
are preferably of wire glass. Such windows prevent, in a large 
measure, the shattering of glass with resulting injuries to per- 
sonnel and frequent loss of process material in large quantities, 
due to contamination with broken glass. Measurable protec- 
tion from broken glass may be secured by screens backed or 
supported by heavy wire netting. This, of course, results in 
the reduction of illumination from the window thus protected. 
Woven copper wire screens, 16-mesh, backed up by 2-mesh gal- 
vanized wire cloth, have been found practical for this pur- 
pose. All skylights require wire screens. 

f. Doors.—All exits should be plainly marked, and care should 
be taken that they remain unobstructed at all times. All out- 
side doors must open outward. Safety doors, required in all 
buildings containing explosives, must be double-sash doors 
glazed with clear wire glass. In no case should the opening be 
less than 2 feet 6 inches by 6 feet 6 inches. During operating 
hours, in all cases, they must be fastened with antipanic catches 
only. All interior doors must be in the normal line of the flow 
of material and open in the direction of the flow of material. 

g. Safety chutes——(1) All safety exits must open on a plat- 
form not less than 8 feet wide. Safety chutes will begin at 
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the outside edge of the platform and not at the edge of the build- 
ing. Landings from safety chutes must be at protected places. 
If the end of the chute is constructed parallel with the ground, 
the passage of the person using the chute will be slackened suf- 
ficiently to obviate the need of a landing cushion constructed 
of tan bark, sawdust, etc. The cushion is unsatisfactory dur- 
ing winter in cold climates, since it freezes into a hard mass. 
The exits must lead directly to routes which will permit escape 
from the vicinity of the building itself. These routes must be 
free from tripping hazards, low guy lines, or other obstruction. 

(2) Chute ends must not be over 24 inches in height from 
the ground. If necessary, the end of the chute must have a 
horizontal run sufficient to prevent injury of the employee due 
to speed of exit. 

(3) The following safety-chute dimensions are recommended : 
Angle, 30° to 40° from horizontal; depth of chute, 24 inches; 
radius of bottom of chute, 12 inches. Chutes under 15 feet 
require no horizontal section. Chutes 40 feet in length require 
6 feet of horizontal section, with the juncture well rounded. 
The sheets of metal of which the chute is constructed must lap 
in the direction of travel. 

h. Fire escapes.—Fire escapes are required only in buildings 
of two stories or higher and only where other suitable emer- 
gency exits are not provided. 

(1) IXvery floor requiring fire escapes should have at least 
two widely separated exits, preferably located in opposite sides 
of the room or building, and clearly marked “fire escape.” 
Where fire escapes are required they should be of fireproof con- 
struction, with admittance only from windows or doors glazed 
with wire glass. 

(2) Outside fire escapes, except safety chutes, are inferior to 
stairways as means of escape. When constructed they should 
be located on dead walls, with no opening other than windows 
or sash doors glazed with wire glass. 

(3) Stairs should not be less than 22 inches in width. Capac- 
ity should be computed on the basis of 22 inches for every 14 
people who would use it in an emergency. 

1. Stairways.—All stairways must have handrails, and long 
stairways should have landings and turns. The construction 
of winding or spiral stairways should be avoided. For a rise 
less than 20° an incline or ramp should be used. For a rise 
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between 20° and 50° stairways are required. Landings should 
be the same width as stairways and not less than 3 feet in 
length. 

j. Platforms, runways, railings.—Platforms or runways are 
required wherever an employee is required to go into places 
where injury could result from falls or from contact with 
amuoving machinery or other objects. 

(1) All platforms and runways require at least one stairway 
or fixed ladder. Platforms or runways exceeding 30 feet in 
length, or 250 square feet in area, require two stairways or 
ladders. Platforms or runways should be designed with a 
minimum strength of 50 pounds per square foot. 

(2) Platforms or runways around tanks should be built at 
least 3 feet 6 inches below the top of the tanks. 

(3) All platforms, floor openings, runways, stairways, tanks, 
or open vats, the tops of which are less than 3 feet above the 
floor of the building or platform and other places where the 
hazard could be minimized by a railing, must be guarded by 
suitable railings consisting of handrails, midrails, and toe 
boards. 

(4) All permanent railings should be of metal, except in 
process buildings, where metal railings would increase the haz- 
ard. Toe boards are not required on platforms or runways 
around tanks or vat tops which are 6 inches or more above the 
floor of the building or runway. 

(5) Railings, platforms, and runways must be made of first- 
class materials and constructed in a substantial manner. 

k. Ladders—Permanent ladders require a minimum back 
clearance of 24 inches, a minimum front clearance of 6 inches, 
and a minimum side clearance of 12 inches. When possible 
these dimensions should be increased 25 per cent. Permanent 
ladders should extend 3 feet 6 inches above landings. When 
practical, long ladders should be broken with landings or plat- 
forms spaced not over 16 feet apart. Ladders and cages around 
platforms should be constructed of first-class material. Where 
a ladder inclines more from the vertical than 1 foot in 6 feet 
it should be replaced with a stairway. 

l. Electrical equipment.—(1) All feed wires must be placed 
in approved fire-resistant conduits or otherwise properly in- 
sulated. All joints must be carefully made, soldered, and taped. 
Dynamos and motors must be fully guarded by railings or wire 
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netting. The rear of all switchboards must be inclosed, with 
a suitable gate or door to the inclosure. 

(2) There should be a switch to render the switchboard dead 
on all main feeds. Transformers should be so located or in- 
closed that employees can not come in contact with them either 
by accident or intent. If located within the building, they 
should be in a separate, locked room. If located on poles or 
outside of buildings, substantial platforms should be provided 
for workmen. Properly insulated platforms or rubber mats 
are required where employees stand during their work. 

(8) Sprinkler systems may be used over electric equipment 
where the voltage does not exceed 500 volts. Extinguishers 
charged with carbon tetrachloride should be conveniently lo- 
cated near all electrical equipment. 

m. Cranes.—(1) A capacity plate showing capacity of hoists 
in pounds or tons must be posted in a protected and conspicuous 
place on each crane. The plate must show the lift capacity of 
the hoist or crane under varying conditions. | 

(2) All parts of lifts and fastenings must be _ inspected 
weekly and an inspection report filed with the resident safety 
engineer monthly. 

(3) All locomotive cranes and derricks must be equipped 
with effective outriggers and rail clamps. 

n. Elevators.—The following rules apply only to elevators 
carrying passengers or an operator. 

(1) Carrying capacity must be posted at all entrances to 
the elevators and in the elevator. 

(2) Hlevators and all elevator equipment must be inspected 
weekly and an inspection report filegq with the resident safety 
engineer monthly. 

(3) All elevators must be of a safety type with safety 
catches, automatic limit stops, and emergency exits. The gate 
or door must be guarded securely by approved gates or hatcb- 
ways. Gates or doors must be arranged so that the elevator 
will not start until the gate or door to the elevator has been 
closed. Devices giving equal security are acceptable. 

(4) The lighting must be in accordance with safety regula- 
tions. 

0. Drowning and drenching—Satisfactory drowning tanks 
and arrangements for complete and rapid drowning or drench- 
ing must be provided for all hazardous process materials which 

are liable to fume, burn, or to decompose quickly. 
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(1) Melting kettles, cotton pickers, powder cutters, and other 
machinery or processes, in which there is evolved a process fire 
- hazard, should be equipped with hand-operated, quick, or 
instant control drenching systems in addition to an automatic 
device. . 

(2) The drenching system will be charged with steam, water, 
or chemicals, depending upon the character of the fire to be 
controlled. 

p. Agitation—Nitrators, washers, and other machines which, 
because of the hazard of the process and the liabi:ity of decom- 
position of the process material, are provided with mechanical 
agitators, should have two means of agitation, each operated 
from an independent source of power. , 

qg. Tunnels.—Whenever tunnels are used for pipes or passage- 
ways they must be provided with a sufficient number of exits. 
They must be well lighted, drained, and ventilated. Live steam 
lines in tunnels must be installed with care; they must be well 
anchored and with necessary provision for expansion and con- 
traction. Pipe bends only should be used on turns. Cast-iron 
or screw-thread elbow fittings should not be used on bends. 

205. Acids and inflammable materials buildings.—ea. Build- 
ings or housings should be built of material not actively acted 
upon by fumes and gases which are produced in manufacture. 
Stone, brick, tile, asphaltum painted concrete, acid-resisting 
bricks, and acid-resisting cement are acceptable materials. Car- 
bonaceous materials affected by contact with acids, fumes, and 
gases, should be limited to the minimum in the construction of 
buildings to be used where acids will be present. Floors should 
be of acid-resisting material sloped to a drain connected with 
catch pits. | 

b. In the manufacturing buildings where acids and inflam- 
mable materials are handled, gases of a toxic, asphyxiating, or 
inflammable character will be found in the rooms in varying 
amounts, depending upon the design and efficiency of the venti- 
lating system. In some cases this creates a fire hazard, but in 
all cases the efficiency of the employee is lowered in proportion 
to the contamination of the atmosphere in the room. 

206. Storage of volatile liquids.—a. Volatile liquids should 
be stored preferably in tanks in earth-covered vaults, below the 
ground level, and at least 30 feet from the building where they 
will be used. They may also be stored in tanks protected with 
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an asbestos covering, above ground, at a safe distance from the 
building where they will be used. Acids are usually stored in 
tanks placed on piers at a convenient location near the bu‘lding 
where they are used. Spent acid is usually collected in tanks 
located in a well-drained pit, the acid flowing by gravity from 
the operating building. Liquids and acids are conveyed from 
one point to another by means of air pressure or pumps. The 
pipe system should be so arranged that when the pump is shut 
down or the air valve closed the liquid will drain back into the 
supply tank. Gravity feed to an operating building is unde 
sirable, owing to the possible losses due to leaks in the pipe or 
fittings. 

b. All the safety standards outlined in Section XXVII, Safety 
Operating Regulations for Manufacturing and Loading Plants, 
also apply to the buildings described above. 

207. Sprinkler and deluge systems.—da. Sprinkler and 
deluge systems should be installed wherever the checking of an 
incipient fire is desirable. The installation must conform to 
the regulations of the National Board of Fire Underwriters, as 
well as to any safety regulations covering special equipment. 
Sprinkler systems should not be installed where water will in- 
crease the fire hazard. Placards in buildings outfitted with 
sprinkler systems should prohibit the storing of these mate 
rials therein. 

.b, There are two types of sprinkler systems, viz: (1) The 
wet-pipe system, where the pipes are filled with water which is 
released when the temperature of the room rises above the 
fusion temperature of the link. 

(2) The dry-pipe system, where compressed air fills the pipes 
to the main valve, which opens when the pressure is released 
py the fusion of the link or leakage in the system. This latter 
possibility is a serious objection to the system. Another dry- 
pipe system is provided with open-head sprinklers and a ther- 
mostatic control of the main valve which opens if there is a 
rapid rise in temperature. 

c. The links or “ heads” are made with fusion temperatures 
as low as 115° F. (46.1° C.) up to practically any desired limit. 
Openings in floors, partitions, tunnels, shafts, or any conditions 
which will cause a draft and prevent the concentration of heat 
of incipient fire should be closed. In order to bank up the heat 
and cause the fusing of sprinkler heads in case of fire,: draft 
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stops 12 inches deep should be provided at regular intervals, 
except where beams or girders make draft stops unnecessary. 

d. Automatic and hand-controlled deluge systems should be 
installed to open into T. N. T. melting kettles and continuous 
T. N. T. melting equipment, amatol mixing kettles, over smoke- 
less powder cutters, in smokeless powder-blending houses, and 
any locations where an incipient fire in explosives may be 
quenched by the instant deluge of water started by an alert 
operator, or the fuzing of the link nearest to the fire. 

e. In addition to the cut-off valve in the building, another 
valve should be provided outside of and at a safe distance from 
the building in case it is impossible to enter and shut the valve 
inside. 

f. All valves on sprinkler systems should be plainly marked 
and should be so arranged that there can be no confusion with 
the service system of the building. 

g. Pressure gauges of the system should be located in promi- 
nent places at least 1 foot above the floor. All sprinkler shut-off 
valves in the building should be “ sealed ”’ open. 

h. A sprinkler system should draw its water directly from 
the water main and be independent of the service supply of 
the building. The system should be drained twice a year. 

2. Pressures ranging from 80 to 100 pounds per square inch 
are recommended for sprinkler systems. 

208. Power house and equipment.—a. Boilers.—When boilers 
are located in a separate building they should be separated 10 
feet from any part of the main power-house building. When 
connected with or in proximity to a main power-house building 
they should be separated from the main building by a brick 
wall. The construction and installation of boilers and acces- 
sories should be in accordance with the latest revision of the 
boiler code of the American Society of Mechanical Engineers 
and with the State codes or local requirements of the com- 
munity in which the boiler is being operated. 

(1) Each boiler should be provided with an efficient safety 
valve with no stop valve between it and the boiler and the 
opening of the outlet outside of the building, and with efficient 
steam and water gauges. 

(2) If the blow-off tank is used, it is required to stand boiler 
pressure. If blow-off pipe is open to the atmosphere, the outlet 
must be so located that no one passing it during the blow-off 
period will be scalded. 
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(3) Outlets from water columns, gauges, and other fittings 
through which hot water and steam are drained must be 
located in positions where people will not be scalded when 
passing. 

(4) A legible danger sign must be provided and attached 
to all steam valves, feed valves, and boilers where any person 
is working in any boiler. This device should be locked to the 
valve wheel so as to prevent its manipulation. 

(5) Steam pipes must be substantially supported and suitable 
provisions made for expansion and contraction. All pipe must 
be covered with a standard asbestos pipe covering. 

(6) Safe means of access must be provided to all valves. 
Where the floor or other parts of the boiler room are of inflam- 
mable materials special provisions must be made for handling 
hot ashes. 

(7) In plants operating, using, or storing explosive material 
in which there is a possibility of an explosion from causes out- 
side of the boiler house, the boiler should be equipped with a 
nonreturn valve, sometimes called’ an explosion valve. 

(8) Boilers must be regularly inspected by licensed steam- 
boiler inspectors. 

b. Engines.—The term “engine,” as used herein, includes 
steam, gas, oil, air, and pumping engines, steam turbines, 
engine-type air and ammonia compressors. 

(1) Each engine must be equipped with an efficient governor 
which will at all times automatically control the speed of the 
engine. To be efficient the governor must have a stop arrange- 
ment which will become operative should the governor fail to 
operate. The valve gear should be So arranged or other pro- 
vision made that in the event of the engine load being suddenly 
removed the engine will stop if the governor fails to act. 

(2) All dangerously located moving parts, including flywheels, 
cranks, eccentrics, crossheads, tail rods, and fly balls of gover- 
nors, must be guarded according to the parents of the 
State in which the plant is located. 

(3) Engines should be equipped with independent automatic 
stop stations conveniently located. The stop system must be 
tested periodically and records of tests filed with the resident 
safety engineer. 
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SEcTION X XIX 


STORAGE AND HANDLING HAZARDS OF RAW MA- 
TERIALS, EXPLOSIVES, AND INFLAMMABLES 
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209. General.—The manufacture and loading of explosives 
necessitates the handling and storage of a large variety of 
acids and other chemicals, many of which possess character- 
istics which render them hazardous, and which therefore re- 


quire the observance of special precautions. 


A brief descrip- 


tion of approved methods of handling and storage of such 
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materials, and of their characteristic hazards, is given in the 
following paragraphs. 

210. Acetone (CH;,COCH;).—a. Storage.—Permanent or re- 
serve storage or stornge in large quantities is not recommended. 
Storage in steel storage tanks underground is considered good 
practice. Shipped in iron drums, tank cars, carboys, and tin 
cans; when stored in these, special protection against fire is 
required. When stored in the open, exposed to the sun in warm) 
weather, drums should be sprayed continuously with water. 
Preferably stored in buildings equipped with sprinkler system. 

b. Hazards.—Acetone hag all the fire and explosive hazards 
of inflammable volatile liquids, and the degree of hazard is 
about equal to that of benzene and slightly less than that of 
gasoline. Nonsparking tools and equipment are required in all 
processes involving acetone. 

211. Acetylene (C.H.).—a. Storage—Permanent or reserve 
storage is not recommended. It is preferably stored in spe- 
cially constructed and tested steel cylinders. See Standard 
Nomenclature List No. K-2; Ordnance Field Service Bulletin 
4-10; and Army Regulations 850-60. 

b. Hazards—rThere is a fire and explosion hazard when 
acetylene is mixed with 3 to 65 per cent of air. When produced 
from calcium carbide it should be produced only in machines 
authorized by the National Board of Fire Underwriters. Fire 
extinguishers and sprinkler systems are recommended for 
buildings in which acetylene is stored. Acetylene will explode 
without the admixture of air, and is unusual in that the explo- 
sion Will follow the acetylene through long lines of pipe. Spe- 
cial burners are required for its use in lighting and heating. 
Nonsparking tools and equipment are required. Low percentage 
acetylene with air mixtures are not explosive or asphyxiating. 

212. Acids, general.—The following precautions should be 
observed in the handling, storage, and use of acids: 

a. Because of the liability of glass to break, due to sudden 
changes of temperature, acid carboys or bottles should not be 
stored in the direct rays of the sun. When a new shipment of 
carboys is received the stoppers should be loosened. If the 
bottles are full, 5 per cent of the contents should be removed 
from each to allow for expansion. 

b. Carboys in storage should rest on wooden strips. When 
piled in tiers care should be taken that the bottoms of the upper 
row do not touch the glass necks of those below. 
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c. Acids should not be stored in wooden buildings. 

d. Departments where acids are stored or used should be kept 
clean and free from rubbish and all slippery places should be 
treated. Pails of clean water and neutralizing solutions should 
be placed so as to be quickly and easily available for removing 
acid from hands, face, or other parts of the workers. 

e. Where acid fumes have a toxic, corrosive, or asphyxiating 
action, great care should be taken to prevent operators from 
being overcome or injured. . 

f. Goggles, respirators, and safety helmets shou'd be available 
and employees trained in their adjustment and use. 

g. Metal drums or tanks containing sulphuric acid or its mix- 
tures must not be left open. The absorption of moisture from 
the air creates an acid sufficiently dilute to cause rapid eating 
away of the container at the surface line. 

h. Naked flames, lights, or work of any kind which will cause 
a spark must be avoided around acid storage in metal tanks. 
The action of acid on metal is liable to generate explosive gas 
mixtures. 

i. In addition to the foregoing, areas in which acids are 
stored or used should have the following neu‘ralizing mate- 
rial available in convenient form: 

(1) For neutralizing acids in quantities, slaked (hydrated) 
lime. 

(2) For cleaning acid from floors and equipment or as may 
be required, 10 to 20 per cent soda-ash solution. This neutral- 
izing process gives off heat and should not be used where large 
quantities of acid are involved. 

(3) For washes, a 10 per cent solution of bicarbonate of 
soda. 

213. Acid, hydrochloric (muriatic acid) (HCl).—a. Storage.— 
Stored in carboys or bottles, preferably in buildings provided 
with acid-resisting floors. 

b. Hazards.—In itself hydrochloric acid offers no fire or ex- 
plosive hazard. It reacts violently with zinc, generating heat 
with evolution of hydrogen gas. 

214. Acid, mixed.—General properties—By mixed acid is 
meant any mixture of sulphuric and nitric acids. Nitrations 
are usually carried out with sulphuric and nitric acids mixed 
in varied proportions. Nitric acid is sometimes used alone 
for nitrating. Constants and properties vary with the mixture. 

TE8T7TS—31--—12 
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Mixed acids containing not less than 10 per cent of nitric acid 
will not freeze at ordinary temperatures and will not actively 
attack steel storage tanks. 

215. Acid, waste (spent acid).—These are acids which have 
been used, usually in nitration. They contain small amounts 
of nitrated product. In the case of spent acid from glycerin 
nitration the hazard is considerable. 

216. Acid, Nitric (HNO;).—a. Storage.—Nitric acid should 
be stored in carboys or enamel-lined tanks, but never in lead- 
lined tanks. When stored in the open, quantities may be unlim- 
ited; when stored in buildings, in lots of not over 100 carboys. 
Permanent or reserve storage is not recommended. 

b. Hazards.—With organic materials it forms explosive com- 
pounds, and with most all oxidizable materials it forms inflam- 
mable compounds, some of which are subject to spontaneous 
combustion. Nitric-acid fires are likely to produce suffocating 
fumes. Good ventilation is required in buildings involving the 
use or manufacture of nitric acid. Space between buildings 
should be sufficient to give room for fire fighting and to prevent 
the accumulation of acid fumes. Workers in nitric acid should 
wear shoes, gloves, gauntlets, woolen uniforms, and aprons of 
impervious material. 

217. Acid, sulphuric (oil of vitriol) (H.S0,).—a. Storage.— 
It may be stored in carboys, drums, tank cars, or glass bottles. 
Storage in large tanks under acid-resisting surroundings is 
accepted as good practice. Permanent or reserve storage is not 
recommended. ; 

b. Hazards.—Strong acid chars wood, cotton, and vegetable 
fiber, but in so doing does not cause fire. The addition of water 
develops heat, which may be sufficient to cause fire or explosion. 
Carboys of mixed acid sometimes explode, due to pressure of 
liberated gases. Frozen sulphuric acid in carboys is particu- 
larly difficult to handle. Sulphuric acid should not be stored 
with nitric acid, volatile or inflammable liquids, substances 
which are liable to spontaneous ignition, or with oxygen carriers. 

218. Alcohol, ethyl (grain alcohol) (C:H;OH).—a. Stor- 
agé.—Permanent or reserve storage of large quantities is not 
recommended. It is preferably stored in large steel tanks under- 
ground or in tight steel drums in a cool place, protected by 
sprinkler systems. When stored in the open, exposed to direct 
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rays of the sun and at high temperatures, water should be 
sprayed on the drums continuously. 

b. Hagards.—The hazards are similar to those of all volatile 
and inflammable liquids, but are less than those of ether or 
gasoline. 

219. Alcohol, methyl (wood alcohol) em —t. Stor- 
age.—Same as ethyl alcohol. 

b. Hazards—¥Fire and explosive hazards greater than for 
ethyl alcohol. 

220. Aluminum  (Al1).—da. Storage.—General warehouses, 
Containers: Cartons in wooden shipping boxes, hardwood kegs 
and barrels. 

b. Hazards.—_Water thrown upon a burning flake or powdered 
aluminum fire will probably cause an explosion. 

221. Amatol.—a. Storage.—As amatol is not a manufactured 
product, but a mixture made at the time of loading, there should 
be no occasion for storing. If stored, boxes lined with moisture- 
proof paper, holding 100 pounds net weight, are recommended. 

b. Hazards.—In general, the hazards are slightly less than 
for T. N. T. Drenching systems controlled automatically and 
by instantaneous devices are desirable on melting kettles and 
other process machinery. Safety shoes and safety uniforms 
are required in process buildings. All practices and precautions 
relating to health and safety required in the handling of T. N. T. 
are required in processes involving amatol. 

222. Ammonia (anhydrous).—a. Storage.—In warehouses 
when contained in steel cylinders or commercial shipping 
containers. 

b. Hazards.—May cause asphyxiation if breathed in sufficient 
quantities from leaky containers or pipes. Gas masks with 
special canisters for protection against ammonia fumes should 
be provided. 

223. Ammonium chloride (sal ammoniac) (NH,Cl).—a. 
Storage.—In warehouses. Containers: Wooden barrels. 

b. Hazards.—None. 

224. Ammonium perchlorate (NH.C10,.).—a. Storage.—In 
magazines for explosives, preferably in fire-resistant type of 
warehouse. Containers: Glass bottles, or iron drums. 

b. Hazards.—A fire and explosive hazard when associated 
with carbonaceous material. 

225. Ammonium nitrate (NH.NO,).—a. Storage.—Stored in 
magazines for explosives in barrels 1.67 feet in diameter by 2.31 
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feet high, or boxes 240 pounds net weight, 260 pounds gross 
weight, lined with waterproof lining. It may be stored in bulk 
in buildings sealed against moisture. 

b. Hazards.—Owing to its relative insensitivity the explosive 
hazard is frequently underrated. Fires involving ammonium 
nitrate in large quantities become an explosive hazard (Morgan 
and Oppau explosions). In bulk storage, ammonium nitrate 
cakes into a solid mass; serious accidents have resulted from 
blasting the caked material. 

226. Ammonium picrate (explosive D) (NH.C.H.(NO.);0).— 
a. Storage—Stored in magazines for explosives. Containers: 
As given in United States Army Specification No. 50-13-38. 
Boxes with moisture-proof lining, 1.27 by 1.10 by 0.90 feet, 50 
pounds net weight, 60 pounds gross weight; 1.90 by 1.33 by 1.33 
feet, 100 pounds net weight, 113 pounds gross weight. AISo 
stored in kegs and barrels. 

b. Hazards.—(1) In general slightly less than those for 
T. N. T. No lead in any form permitted in buildings handling 
this explosive. 

(2) Sprinkler and drenching systems are recommended in 
connection with the drying and assembling processes. Such 
systems will be of service in preventing the spread of fire rather 
than in extinguishing fires in the burning material. Fires in- 
volving large quantities of this material may result in violent 
explosions. Fires involving projectiles loaded with this mate- 
rial may be expected to detonate as soon as the fire becomes 
intense or the pressed explosive becomes ignited. Cleanliness 
in all processes involving the handling of the material is 
recommended. 

227. Amyl acetate (banana oil) (CH;CO.C;H;;).—a. Stor- 
age.—Permanent or reserve storage in large quantities is not 
recommended. It may be stored in commercial air-tight metal 
containers, 

b. Hazards.—Amy}1 acetate has the fire and explosive hazards 
of volatile and inflammable liquids in a degree somewhat higher 
than alcohol and less than ether or gasoline. When mixed 
with alcohol the hazard is increased. 

228. Aniline (C,.H;:NH.).—a. Storage.—It may be stored in 
iron drums or storage tanks. 

b. Hazards.—None. 
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229. Antimony sulphide (Sb,S,).—a. Storage.—Containers: 
Iron barrels. In general warehouses. 

b. Havcards.—Fire hazard: None. 

230. Barium nitrate (Ba(NO;).).—a. Storage—In general 
warehouses. Containers: Iron drums. 

bo. Hazards.—A dangerous fire hazard. 

231. Barium peroxide (BaO.).—a. Storage.—Stored in gen- 
eral warehouses. Containers: Iron drums. 

b. Hazards.—A dangerous fire hazard. 

232. Benzene (C.H.).—a. Sitorage.—Permanent storage or 
storage of large quantities of benzene is not recommended. It 
may be stored in storage tanks, in air-tight steel drums, or 
carboys. . | 

b. Hazards.—Sprinkler and drenching systems will be of 
service only in extinguishing fire in the building before benzene 
becomes inflamed. Chemical extinguishers using carbon tetra- 
chloride, firefoam, treated sawdust are effective »gainst fire in 
benzene. Hazards in the manufacture of benzene are those of 
fire and explosion of materials having low flash points. Strict 
enforcement of lighting and power arrangements and nonspark- 
ing tools and equipment are required. The hazards of benzene 
are very similar to those of gasoline and may be treated in 
much the same way. Very toxic; exposure of personnel should — 
be limited as much as possible. 

233. Black powder.—a. Hazards.—Except in small quanti- 
ties, granular black powder explodes on ignition. - The manu- 
facturing process is accompanied by considerable hazard. All 
precautions in the way of magnetic separation, especially dust 
prevention or elimination and other safety appliances, should be 
used. The machinery of the individual buildings should be con- 
trolled from a place of safety, and as far as possible the driving 
machinery should be located behind barricades or traverses. So 
far as possible operators should not be allowed to enter build- 
ings while machinery is in operation. 

b. In assembly plants or loading plants drenching systems and 
sprinkler systems are serviceable; small stocks only should be 
carried in the loading rooms or buildings. Black-powder pel- 
lets ignite readily, and the fire spreads rapidly, developing into 
explosions in all cases except those in which only small quan- 
tities are involved. Powder which has become dry after drench- 
ing resumes sufficient of its explosive properties to become a 
serious explosive hazard. Carbonaceous materia!s which have 
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absorbed liquors leached from black powder constitute a high 
order fire hazard. Lumber or carbonaceous material from 
black-powder buildings will not be released for reuse. Repairs 
may be safely made only by strict adherence to all safety 
measures. 

234. Calcium carbonate (chalk, limestone) (CaCO;).—a. 
Storage.—General warehouses. Containers: Barrels, paper 
sacks, 

b. Hazards.—None. 

235. Calcium chloride feceits: —a. Storage.—It is stored in 
general warehouses. Containers: Iron drums. 

b. Hazards.—None. 

236. Cartridge cloth.—a. Storage.—It may be stored in gen- 
eral warehouses. For storage and shipment it should be packed 
in moth and vermin proof cases. Requires dry, cool, dark stor- 
age conditions with protection against insects and rodents. 

b. Hazards.—Fire hazard: Ignites readily. 


237. Caustic Soda (Sodium hydroxide) (NaOH).—a. Stor-. 


age.—To be stored in warehouses in air-tight containers. Stor- 
age of large stocks is not reeommended. It should not be stored 
in buildings with sprinkler systems. 

b. Hazards.—Aside from its caustic and corrosive properties 
there is no particular hazard. 

238. Charcoal.—a. Storage-—Permanent or reserve storage 
of charcoal is not recommended. Owing to its tendency to 
absorb gases and moisture, it is preferably stored in air-tight 
containers. When stored in bags, the usual shipping container 
of bulk charcoal, it should be piled in tiers with skeleton or 
gridiron floors between tiers and with ample provision for 
ventilation. Storage in bulk is prohibited. . 

b. Hazards.—While charcoal is a fire hazard of high order, 
the hazard lies mainly in spontaneous combustion. In _ this 
respect charcoal burned in pits is less likely to spontaneous 
combustion than the product obtained from chemical plants. 
The hazard is also less in softwood than hardwood charcoal, 
and greater during cooling after burning or when drying after 
having absorbed moisture. Contact with certain materials, as, 
for example, alcohols and oils, increases the fire hazard. Char- 
coal in which fire has been extinguished is an increased fire 
hazard. Fumes of gases from smoldering or burning charcoal 
are toxic. 


ae 


a 
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239. Chlorbenzene (monochlorbenzene) (C.H;Cl).—a. Stor- 
age.—General warehouses. Containers: Iron drums or carboys. 

bo. Hazards.—Fire hazards: None. 

240. Cordite.—a. Storage.—Same as smokeless powder for 
cannon. 

b. Hazards.—Except in manufacture, it is not unlike that of 
smokeless powder for cannon. 

241. Cotton (purified).—a. Storage.—Purified cotton has all 
the fire hazards of ordinary cotton except that undesirable 
foreign matter has been removed. Due to its short fiber 
(staple), it is sometimes very dusty. Sprinkler and drenching 
systems are of little value. Cotton bales which. have been par- 
tially burned should not be used or returned to storage. 

bo. Hazards.—The hazards are those of pickers and dryers 
working on cotton. The product in the final process is dusty 
and flash fire results from the ignition of the dry material 
from a variety of causes. Smothering of fire by live steam has 
been found effective as also have chemical extinguishers. 

242. Dimethylaniline (C;HsN(CH:).).—a. Storage.—It may 
be stored in general warehouses. Containers: Iron drums, 

243. Dinitrobenzene (C.H,(NO.).).—a. Storage.—It may be 
stored in explosives magazines when packed in wooden boxes 
lined with moisture-proof paper not exceeding 100 pounds net 
weight to the box. 

b. Hazards.—Less hazardous than T. N. T. 

244. Dinitrophenol (C.H;(NO.).(2:4)).—a. Storage.—Con- 
tainers: Wooden barrels. 

b. Hazards.—Dangerous fire hazard. 

245. Diphenylamine ((C.H;),.NH).—a. Storage.—It may be 
stored in warehouses. Authorized shipping containers: Hard- 
wood barrels lined with Kraft paper. 

b. Hazards—While combustible, the hazard appears to be 
slight, although definite information on its behavior in this 
respect is limited. 

.246. Dynamite.—a. Storage.—Is stored in bullet-proof ex- 
plosives magazines; in commercial 50-pound container. 

b. Hazards (exclusive of manufacture)—Must be handled 
carefully and kept out of the direct rays of the sun. (See 
Nitroglycerin.) Unconfined, it may burn without explosion; 
under apparently similar conditions it may explode with a high 
order of detonation. 
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247. Ether ((C:.H;).0).—a. Storage——Permanent or reserve 
storage in large quantities is not recommended. It may be 
stored in tanks underground or in tight metal drums in a cool 
place. When temporarily stored in the open, exposed to the 
direct rays of the sun in warm weather, water sprays on the 
drums or tanks are required. 

b. Hazards.—Manufacturing hazards are those involving 
ether, alcohol, and sulphuric acid. Storage hazard is rela- 
tively lower than that of gasoline, and, while similar to the 
latter in that the gases are heavier than air, they diffuse more 
readily than gasoline. 

248. Glycerin (C;H.(OH);).—a. Storage.—It may be stored in 
general warehouses, in tight steel drums. 

b. Hazards.—None. 

249. Graphite (plumbago).—a. Storage.—In general ware- 
houses. Containers: Wooden kegs. 

b. Hazards.—A fire hazard. Difficult to ignite, burns with 
intense heat. 

250. Ground glass.—a. Storage.—General warehouses. Con- 
tainers: Cartons, hardwood barrels. 

b. Hazards.—None. 

251. Gum Arabic.—a. Storage—General warehouses. Con- 
tainers: Wooden kegs and barrels. 

b. Hazards.—None. 

252. Gum tragacanth.—a. Storage.—General warehouses. 
Containers: Wooden kegs and barrels. 

b. Hazards.—None. 

293. Hydrocellulose. — a. Storage.— General warehouses 
Containers: Same as for pyrocotton. 

b. Hazards.—None. 

254. Lead azide (Pb(N;).).—a. Storage.—Similar to ful- 
minate of mercury. 

b. Hazards.—This explosive is similar in some physical char- 
acteristics to fulminate of mercury. Special permission for 
shipment (by freight) must be obtained from the Bureau of 
Explosives. 

255. Lead oxide, yellow (litharge) (PbO).—a. Storage.— 
General warehouses. Containers: Wooden kegs. 

b. Hazards.—None. 

256. Magnesium (Mg).—a. Storage.—In general warehouses. 
Containers: Hardwood barrels. 

b. Hazards —A dangerous fire hazard. 
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257. Magnesium sulphate (Epsom salt) (Mg SO.).—a. Stor- 
age.—General warehouses. Containers: Wooden barrels. 

b. Hazards.—None. 

258. Match, quick.—a. General properties.—Quick match is 
a fast-burning fuse. Positive, easily ignited. Burns more 
rapidly than time fuse. Designated by the number of strands 
(as 6-ply). Military use: In the manufacture of certain prim- 
ers or igniters. Produced by impregnating cotton wicking with 
meal (black) powder. 

b. Storage.—It may be stored in fuze and primer magazines 
when packed in metal-lined air-tight containers. 

c. Hazards.—Aside from the black powder (bulk) used in 
the manufacture, the hazard is one of fire. (See Black Pow- 
der.) Precautions lie principally in maintaining cleanliness 
and having only small stocks of powder and finished material 
on hand. 

259. Match, slow.—a. General properties.—Slow match is an 
easily ignited slow-burning fuse. Rate of burning approxi- 
mately 1 inch in 10 to 15 minutes. Produced by steeping hemp 
yarn in concentrated potassium nitrate liquor. 

b. Storage.—It may be stored in the general warehouse when 
packed in metal-lined air-tight containers. 

c. Hazards.—Involves no explosive hazard. Burns slowly. 
Fires in slow match are extinguished with difficulty. 

260. Mercury (Hg).—a. Storage.—In general warehouses. 
Containers: Iron flasks. 

b. Hazards.—None. 

261. Mercury fulminate (HgC.N,0.).—a. Storage.—Must not 
be stored with any other material or in direct rays of the sun. 
Must not be stored dry, even temporarily. Storage in shipping 
containers of newly packed fulminate is permissible only as an 
expedient. For this, frost-proof vaults are recommended: the 
barrels should be stored on end, one tier high, only, with pas- 
sageways for inspection and handling. For service storage a 
frost-proof vault with a permanent water level over all con- 
tainers is required. Glazed earthenware crocks, with covers, of 
ample size to hold the double bag of shipping container are ac- 
ceptable. For use between service storage and dry bouse, 
leather pouches make suitable carrying containers. Shipping 
containers: 150 pounds dry weight, with 25 per cent water, in 
a double bag suspended in a hardwood barrel packed solidly 
with wet sawdust. 
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b. Hazards.—All precautions required for protection of maga- 
zines apply. It should not be handled when frozen. Wet ful- 
minate of mercury or wet floor coverings containing small 
quantities of fulminate may be burned on windrows of inflam- 
mable material. Nonexplosive products are formed by neu- 
tralizing with cold sodium thiosulphate (Na.8.0;). All floors, 
tables, and walls in rooms using the dry explosive should be 
washed with this solution. In the manufacturing process the 
fumes given off are toxic and inflammable. Care is required to 
prevent fulminate dust from being carried off in the exhaust 
system. Deposits thus made have caused explosions. Much 
attention should be given to cleanliness, as foreign or gritty 
materials in the product may cause an explosion. The floors of 
rooms in which dry fulminate is handled should be covered 
with ys-inch cloth-inserted rubber packing, or equal. All 
cracks and crevices should be covered. The walls of these 
rooms should be covered with glazed waterproof paper or sani- 
tos. Frequent washing with neutralizing solution is necessary. 
Approximately 5 pounds of wet fulminate is placed in the center 
of a square muslin cloth large enough to provide sufficient ma- 
terial to gather the corners together in a convenient package 
for removing from the wet storage building to the dry house. 
The fulminate is dried in the muslin squares on the drying 
table. The drying tables may be heated with hot water, or the 
dry house by the warm-air blower system. The drying tem- 
perature should be from 50° C. to 60° C. 

Primer caps and detonators loaded with fulminate of mercury 
are less sensitive than the dry bulk material, but must be 
handled with great care. Fires involving these assemblies 
should be treated the same as the bulk ‘material. They will 
explode as soon as the fire reaches the fulminate. Stocks.in 
assembly or loading rooms should be kept as low as possible. 

262. Nitrocellulose (nitrocotton).—a. Gun cotton.—The most 
highly nitrated product; nitrogen content 13 per cent or over. 
Soluble in acetone, but slightly soluble in ether-alcohol 
mixtures. . , 

b. Pyrocotton.—Nitrated cotton having a nitrogen content of 
12.5 to 12.7 per cent. Entirely soluble in ether-alcohol. 

ce. Pyrozylin.—Nitrated cotton with a nitrogen content usually 
less than 12.5 per cent. Soluble in amyl acetate. 

d. Of these pyrocotton is of primary interest for military use. 
Pyrocotton is the base of service pyro smokeless powder. When 
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dry it is sensitive to shock and friction; is highly inflammable 
and explosive; burns rapidly without smoke, and leaves no 
residue. 

e. Storage.—Stored with 20 per cent of moisture in explosive 
magazines. Containers: Zinc-lined boxes. In this condition it 
will burn slowly. Storage of dry nitrocotton in large quantities 
is not permitted as it is attended with all the hazards of 
storage of sensitive and easily ignited high explosives. Should 
be stored in sealed containers in bullet-proof explosive 
magazines. 

f. Hazards—(1) Fires involving wet nitrocotton may be 
fought without fear of explosion. Fires involving dry nitro- 
cotton are usually followed by detonation of the entire mass. 

(2) Nitration involves fire and fume hazards in addition 
to such as are incidental to the handling of acids only. Effi- 
cient ventilating systems and safety exits are required for the 
operators. Nitration buildings should have all safety appliances 
and standards given under “ Safety standards,” such as neutral- 
izing solutions, automatie sprays, and, as far as possible, shoes, 
aprons, and gloves, etc., impermeable by acids. 

(3) In the boiling, beating, poaching, and wringing processes 
the hazards may be those of dry nitrocotton due to process ma- 
terial which has become dry. Protection against this hazard 
lies in cleanliness. Low-temperature heating medium only 
should be used in these process buildings. 

(4) The drying of nitrocellulose by the fan system of warm- 
air circulation involves considerable hazard. It will therefore 
be resorted to only for drying small quantities for experimental] 
purposes where the usual method of dehydrating may not be 
applicable. Dry nitrocellulose is not only very easily ignited 
and highly sensitive to friction or impact, but readily accumu- 
lates static charges. The trays used for drying must therefore 
be well grounded. The flow of air should be carefully con- 
trolled and the temperature not allowed to exceed 38° C. 
Drying must be conducted in a special, well-isolated dry house, 
which must be thoroughly washed out after each charge. All 
persons entering the dry house must wear safety shoes and 
safety clothes. No tools will be permitted to remain in the 
dry house. 

263. Nitroglycerin (NG) (C;:H;(ONO.);).—a. Storage.—It 
should be stored permanently or as reserve material in usual 
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bullet-proof types of magazines. It may be stored temporarily 
in special cool dry magazines when in closed tin cans or may be 
stored with more safety when mixed with nitrocotton or 
alcohol. 

b. Hazards—The manufacturing processes are considered 
hezardous. State laws usually require the stages of manufac- 
turing process to be carried out in separate buildings, the mate- 
rial being allowed to flow from one building to the next through 
lined gutters. During nitration, cooling of the nitrating mass 
is imperative. Drowning tanks must be provided to receive 
the mixture should the temperature rise to the danger point. 
Utmost cleanliness is required. Floors should be covered with 
lead and be without crevices of any kind. The lead floor cover- 
ing should be carried to the height of the baseboard. All joints 
must be “lead burned.” Small quantities of nitroglycerin may 
be neutralized or destroyed by solutions made by dissolving 
fiowers of sulphur in a solution of sodium carbonate. All ma- 
chinery, equipment, and tools are “special” in that they are 
designed for the particular process and with full consideration 
of safety features. Frozen nitroglycerin is particularly diffi- 
cult to handle. During thawing, internal changes may take 
place which are accompanied by evolution of heat sufficient to 
cause an explosion. Thawing houses, pits, or kettles must pro- 
vide: (1) Temperature but slightly above the melting point of 
nitroglycerin; (2) dry atmosphere or conditions which will 
prevent the absorption of water by the nitroglycerin. Can not 
be shipped by freight or express. 

264. Nitrostarch powders.—Nitrostarch powders include 
grenite, trojan grenade powder, and trojan powder. 

a. Storage.—Stored in explosives magazines when packed in 
Interstate Commerce Commission containers under specification 
No. 14. Must be kept dry. One hundred pounds net in boxes 
lined with waxed paper. 

b. Hazards.—Manufacturing process is hazardous. The nitra- 
tion of the starch is accompanied by the evolution of heat 
which must be carefully controlled. In storage the risk is 
mainly one of fire, although if the burning is at a very rapid 
rate, explosion may result. 

265. Oxygen (0O).—a. Storage.—By itself in open shade. 
Containers: Tested steel cylinders of special construction. See 
Standard Nomenclature List No. K-2; Ordnance Field Service 
Bulletin 4-10; and Army Regulations 850-60. 
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b. Hazards.—A dangerous fire hazard. 

266. Oil, linseed.—a. Storage.—In general warehouses. Con- 
tainers: Tin cans and hardwood barrels. 

b. Hazards.—Fires from spontaneous combustion have been 
caused from linseed oil, soaked rags, and cotton waste. 

267. Paints, enamels, varnishes, lacquers, japans, dopes.— 
a. Storage.—In general warehouses. Containers: Cans, drums, 
or hardwood barrels. May not be stored nor used near open 
fires. 

b. Hazards.—Always a fire hazard. Paints with driers are 
an explosive hazard. In buildings where paints and oils are 
used in connection with the manufacturing or assembling proc- 
ess, stocks should be kept at a minimum and a system of venti- 
lation controlling all vapors should be a part of the installation. 
Sprinkler and drenching systems are not recommended except 
as a control of secondary fires. Firefoams, pyrene, carbon tetra- 
chloride, treated sawdust, are elfective fire extinguishers; water 
is not effective as an extinguisher for large oil fires. 

268. Phenol (carbolic acid) (CcH:;OH).—s. Storage—Should 
be stored in general warehouses. For permanent or reserve 
storage extra quality drums should be used, e. g., iron lined with 
chemical lead. 

b. Hazard—When manufactured from benzene the hazards 
of benzene and its vapors are included. Benzene tanks should 
be located underground, piped to sulphonator. Careful control of 
temperature in the sulphonating process is required so that 
vaporization rate is not excessive. The possibility of unsul- 
phonated benzene in the secondary process should be precluded. 
Provision for taking care of fires in melting pot should be made. 
The melting house is preferably of fire-resistent material. Lime 
storage must be entirely separate from process buildings. The 
dissolving and distillation process should be carried out in a 
detached building; automatic shut-off on connections should be 
installed. The distillation and packing of phenol presents little 
hazard. 

269. Phosphorous (P).—a. White phosphorus.— 

(1) Storage.—Preferably in small quantities in isolated build- 
ing. Containers: Submerged in water in sealed metal vessels 
inclosed in wooden boxes or in metal drums. Must be kept 
above freezing temperature to avoid bursting of containers with 
resulting fire on exposure of the phosphorous to air. 
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(2) Hazards—Dangerous fire hazard. 

b. Red phosphorus.— 

(1) Storage—In general warehouses. Containers: Iron 
drums or sealed metal containers inclosed in wooden boxes. 

(2) Hazcards.—¥orms very sensitive mixtures with oxidizing 
agents. A dangerous fire hazard. 

270. Picric acid (trinitrophenol) (CsH.(NO.);0H).—a. Stor- 
age.—With 10 per cent of water it should be stored in explosives 
magazines. Containers: Well-coopered hardwood barrels, 2 feet 
in diameter by 2.75 feet. Approximate weight 400 pounds; 
gross, 520 pounds. When stored dry it must be stored in ex: 
plosives magazines. Containers: Boxes 1.65 by 1.08 by 1.5 feet, 
lined with moisture-proof lining; 100 pounds net weight, 117 
pounds gross weight. Storage dry should be avoided. 

b. Hazards.—The hazards of manufacture include those of 
handling of various raw materials. Drowning, drenching, and 
automatic sprinkler systems are successfully used in the manu- 
facture and handling of this material. In the nitration proc- 
esses ample ventilation must be provided. Tests on dry picric 
acid show that fires involving this explosive may be extin- 
guished with automatic sprinkler systems even after the ex- 
plosive has been well ignited. Although large quantities of dry 
picric acid have been known to burn completely without explo- 
sion, the possibility of burning resulting in detonation should 
not be overlooked. When projectiles loaded with picric acid 
are involved in a fire, detonation of the confined heated explo- 
sive is certain. Safety shoes and safety clothes are required 
in the manufacture and handling of this material. Safety 
shoes are required to be worn in buildings where the bulk mate- 
rial is being stored, either in wet or dry form. 

271. Potassium nitrate (niter, saltpeter) (KNO*).—a. Stor- 
age.—In warehouses preferably of the fire-resistant type. Com- 
mercial centainers. Barrels lined with moisture-proof paper. 

b. Hazards.—It is not readily inflammable but when heated 
provides oxygen for violent combustion or explosions when 
associated with inflammable materials. It is especially haz- 
ardous when stored with oils, tallows, sulphur, jute, fibrous ma- 
terials, acids, and carbonaceous material, as for example: 
Bags, boxes, or lumber. Carbonaceous material which has be 
come impregnated with nitrate liquors is highly inflammable 
and subject to spontaneous combustion. In fires with ear- 
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bonaceous materials it will fuse and flow, but with wood alone 
it causes rapid burning rather than explosion. Owing to its 
high melting point, explosions of steam occur if water comes 
in contact with the fused material. For this reason water 
should not be used on fires in which it is involved, unless the 
fire is small and the available amount of water is large. Fire 
extinguishers for use in connection with the material should 
be charged with carbon tetrachloride. 

272. Shellac.—a. Storage.—Wooden boxes or barrels. 

b. Hazards.—None. 

273. Smokeless powder, pulverized.—a. General properties.— 
Smokeless powder, pulverized, is finished smokeless powder 
which has been ground or comminuted into a very finely divided 
condition. In this condition, when dry, it is a high explosive; 
drop test, 8 inches (2 kilograms weight); rate of detonation, 
4,500 M. P. S. 

b. Storage.—It may be stored with not less than 20 per cent 
of water only, in magazines for explosives, when it is packed 
in metal-lined air-tight containers, similar to wet nitrocellu- 
lose. 

c. Hazards.—lIt is safely pulverized in a water-saturated con- 
dition. The hazards are the same as those of nitrocellulose. 

274. Sodium nitrate (nitrate of soda) (NaNO,).—a. Stor- 
age.—It may be stored in bulk in well-built, moisture-proof, 
preferably fire-resistant, storage or in bags, preferably under 
like conditions. Sprinkler and drenching systems should not 
be used in connection with the storage of this material. It 
should not be stored in frame buildings or with other combus- 
tible material. Blasting of caked nitrate of soda when stored 
in bulk (without bags) is not considered hazardous. 

b. Hazards.—When stored alone the hazards connected with 
sodium nitrate are negligible. When stored in connection with 
inflammable material, such as the bags in which it is received, 
or a building of frame construction, the fire hazard is consid- 
erable. Fires in piles of bagged material which originated in 
the interior of piles through attempts to loosen the material by 
blasting have been difficult to extinguish. Owing to the high 
melting point of nitrate of soda, water used in connection with 
nitrate of soda fires frequently results in severe steam 
explosions. 
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275. Sodium silicate (water glass) (Na;Si0,).—Storage.— 
In general warehouses. Containers: Hardwood barrels, metal 
drums, glass bottles. 

b. Hazards.—Noue. 

276. Sulphocyanate of copper (CuSCN).—a. Storage.— 
General warehouses. Containers: Wooden kegs. 

b. Hazards.—None. 

277. Sulphocyanate of lead (Pb(SCN).).—a. Storage.—Gen- 
eral warehouses. Containers: Wooden kegs. 

b. Hazards.—Nonune. 

278. Sulphur (S).—a. Storage.— It may be stored in bulk or 
in shipping containers in warehouses, but preferably in inde- 
pendent buildings. Shipping containers: Preferably wooden 
barrels coopered with Steel. 

b. Hazards.—lIgnites readily by flame. In small quantities 
burns slowly, with a relatively cool flame, forming sulphur 
dioxide (SO:), commonly called sulphurous acid, a suffocating 
gas. In the presence of carbon, lampblack, fats, and oils it 
may promote spontaneous combustion; with chlorates and 
phosphates, or other substances parting readily with oxygen, it 
forms highly sensitive explosive compounds, 

279. Thermit.—a. Storage.—General warehouses. Contain- 
ers: Iron drums. 

b. Hazards.—A fire hazard. Can not be extinguished with 
water or chemicals. Control lies in holding fires ignited by 
thermit in check until the molten thermit has cooled off. 

280. T. N. A. (Tetranitroaniline) (C;sH(NH:.)(NO,).).—a. 
Stcrage—It muy be stored dry only in explosives magazines 
when packed in moisture-proof boxes, not over 100 pounds net 
weight per box. 

b. Hazards.—In general they are the same as those of tetryl 
except that it is more sensitive than tetryl. 

281. Tridite.—a. General properties.—Tridite is an arbitrary 
name given to a bomb and projectile explosive composed of a 
mixture of picric acid and dinitrophenol. The melting point is 
between 85° C. and 90° C. The specific gravity is 1.64. 

b. Storage —Tridite, if manufactured and boxed, will be 
stored in standard explosives boxes, lined with waterproof 
paper, in explosives magazines. 

c. Hazards.—Similar to picrie acid and dinitrophenol hazards. 


282. Turpentine (CiHis).—a. Storage—In general ware 
houses. Containers: Cans and hardwood barrels. | 


b, Hazards.—A dangerous fire hazard. 
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SECTION XXX 


GROUPS OF CHEMICAL MUNITIONS 


Paragraph 
Definition of “ chemical munitions "~~ -.-2- 283 
Grouping of fillings... 232. ee eo Soe ee coca 284 


283. Definition of ‘‘ chemical munitions.’’—The term “ chem- 
ical munitions” is used to designate a variety of forms of 
artillery shell, chemical mortar shell, Livens projector shell, 
airplane bombs, grenades, candles, and containers which contain 
chemicals and can not be classified properly as high explosives’ 
or shrapnel. The main types are: 

. Artillery shell, chemical and smoke filled. 

. Airplane bombs, chemical, smoke, and incendiary filled. 
Grenades, chemical and smoke filled. 

. Candles, chemical and smoke filled. 

Containers, chemical and smoke filled. 

284. Grouping of fillings.—For the purpose of storage, 
chemical munitions are divided into four groups according to 
the nature of the fillings. These groups, together with their 
fillings and markings, are as follows: 


aagoes 





Markings 
Cc. W. 
symbol Name 
Present Old 
GROUP A—PERSISTENT 
VESICANTS 
HS | Mustard.......-.--.------- GAS-HS, and 2 bands | 3 red bands. 
(all in green). 
M-1 | Lewisite_............-....- GAS-M-1, and 2 bands | None. 
(all in green). 
GROUP B—TOXIC AND SMOKE 
CA | Brombenzylcyanide.._....- GAS-CA, and 2 bands | 2 red bands. 
(all in green). 
CN_ | Chloracetophenone......-.. GAS-CN, and 2 bands | “CN” in red, or 
(all in green). oe and 2 red 
ands. 


p CNIONNG 224 saeeee duce sess GAS-CL, and 1 band | None. 
| (all in green). 
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Markings 
}O. W. 
symbol Name 
Present Old 
GROUP B—TOXIC AND 
SMOKE—Ccontinued 
PS Chlorpicrin....-...-.-.-... GAS-PS, and 2 bands | 1 red and 1 white 
(all in green). band. 
NC _ | Chlorpicrin-stannic chloride; GAS-NC, and 2 bands | 1 whe 1 ree and 
(all in green). ellow band. 
DM | Diphenylaminechlorarsine . ilie e and 1 band “Dp TOXIC.’ 
n green). 
DA | Diphenylchlorarsine-.- ..- aie and 1 band | 1 white band. 
n). 
CG | Phosgene...-............2- aks-Cd) an and 1 band ; 2 white bands. 
in 
KJ Stannic chloride............ GAS-KJr anc and 1 band | “KJ.” 


; (all in green). 
FM | Titanium tetrachloride--.-.- SMOKE-FM, and 1 ! 2 yellow bands. 
band (allin yellow). 
Olewins sci oe eek OLEUM, and 1 band | “‘OLEUM.” 
(all in yellow). 
GROUP C—SPONTANEOUSLY 
INFLAMMABLE 


WP | Yellow phosphorus (de- | SMOKE-WP, and 1 | 1 yellow band. 
nominated white phos- band (all in yellow). 

phorus by Chemica] War- 
fare Service). 

GROUP D—INCENDIARY AND 
READILY INFLAMMABLE 


TH... Vhermit.c.csesecesenecscns INCEND., and 1 band } ‘“‘THERMIT.”’ 
(all in purple). 
HC - Hexachlorethane..........- SMOKE-HC, and _ 1} None. 





| band (all in yellow). 


NoTE.—The above method of marking, approved July 1, 1925, indicates the per- 
sistence of the agent in question. Persistent agent containers are marked with two 
green bands and nonpersistent with one green band. Toxic smokes are classified as 
gases for the purpose of marking munitions. All screening smokes are indicated by 
one yellow band. No incendiary shells are authorized at present. 
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SECTION XX XI 
GENERAL RULES FOR STORAGE OF CHEMICAL 
MUNITIONS 
Paragraph 
General: TUS 26 2 ee ee a ea oe ee ee ee eee 285 
Report on leaking munitions_.._..-.______._-_-_.-_.------_---. 286 
Report of injuries....-......-.....-....-.-.-....----..~-... 287 
Special equipment..______-..-___-_--- 288 
Protection of personnel___._--____________________ ee 289 
Signs on Magazine doors____. a RD CRO EMR MOS ae Sete LER EE TA ee 290: 
Disposition of defective munitions__.........-__-_-_-_-__ 291 
Common. CArriCMe concen os le eek ceo eee 292 


285. General rules.—a. The general rules as to magazines. 
and storage shall be followed as set forth in Part 1 of this 
manual, with the additions and exceptions as hereinafter stated. 

b. Whenever possible, each kind of material will be stored 
separately. *However, unless prohibited herein, munitions of the 
- same group (Sec. XXX) may be stored together. Munitions of 
two or more groups of fillings will not be stored together except 
upon the specific approval of the Chief of Ordnance. 

c. All munitions will be piled in such manner as to permit 
ready inspection and easy removal in case of leakage or fire. 

d. All munitions will be handled carefully. They must aot be 
dropped or unnecessarily jarred. The same mechanical equip- 
ment for handling may be used as indicated for high-explosive 
shell of the same size and weight. 

e. In any temporary emergency, necessitating storage out- 
doors over night or for a longer period, chemical munitions will 
be covered with a tarpaulin in such manner as to protect the 
munitions from the direct rays of the sun and from rainfall. 
Munitions will be piled so as to permit free circulation of air. 

f. The munitions must be inspected at regular intervals, at 
least semiannually, to note deterioration of the paint, or other 
rust-preventing covering, which might allow the formation of 
rust. If deterioration is found, immediate corrective measures 
will be taken. 

g. The 1-ton containers should be stored, preferably under 
a shed or other open-side protection, to facilitate handling with 
a crane. The shed should be of sufficient size to prevent rain 
driving in onto containers. If stored in an open shelter, con- 
tainers must be supported above the ground. 
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286. Report on leaking munitions.—a. Any chemical muuni- 
tions found to be damaged or leaking, will be reported immvdi- 
ately to the officer in charge of the magazines. 

b. A’ report will be made to the Chief of Ordnance on all 
chemical munitions found in a damaged or leaking condition. 
This report will include the following data: 

(1) Type. 

(2) Lot number. 

(3) Date discovered. 

(4) Detailed information as to the nature of the leak, and 
whether it appeared to have been caused by defective material 
or improper handling or packing. 

(5) Disposition, or in the event that immediate disposition is 
not required, recommendations for such disposition. 

c. A copy of this report will be forwarded to the Chief, 
Chemical Warfare Service. : 

287. Report of injuries.—In the event of injury to any 
personnel in connection with the handling of chemical munitions, 
one copy of the report of injury required by existing regulations 
will be forwarded to the Chief, Chemical Warfare Service. 
through the Chief of Ordnance. ‘ 

288. Special equipment.—a. Special equipment marked (*) 
hereinafter, indicates issue by the Chemical Warfare Service as 
per the Nomenclature and Price List of Supplies of the Chemical 
Warfare Service, and will be obtained by requisition therefrom. 
Special equipment not marked as described above are standard 
commercial articles. 

b. Where special equipment is placed as called for in the 
following sections of this manual under tle special rules for 
the storage of various groups of chemical munitions, a list 
shall be posted showing the quantity of each item required. 
This special equipment shall be replenished as required to main- 
tain the full quantity in serviceable condition. 

c. All required special equipment which is not so marked as 
to preclude possible misapplication shall be plainly labeled. 

d. The special equipment shall be inspected, to note condition 
and compliance with rules, at each regular inspection of the 
magazines for which the equipment is provided. 

289. Protection of personnel.—a. All officers, men, firemen, 
or other permanent personnel whose duties may require their 
presence in the area assigned to the storage of chemical muni- 
tions shall be provided ‘with, and instrucced in the use of, the 
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following equipment: 1 *gas mask (fitted), 1 *protective suit, 
1 *protective boots or rubber boots (pair), 2 *protective gloves 
or protective mittens (pair). | 

b. Protective equipment which has become unserviceable shall 
be promptly replaced. The officer in charge of each organiza- 
tion in which personnel is provided with protective equipment 
shall inspect this equipment at least once each month. 

c. All personnel working in magazines used for the storage 
of chemical ammunition must wash their hands thoroughly 
with soap and water when leaving the magazine, and particu- 
larly before eating. 

d. The eating of lunches in any magazine used for the storage 
of chemical munitions is prohibited. 

- 290. Signs on magazine doors.—There shall be posted on 
the doors of all magazines containing chemical munitions ap- 
propriate signs as shown below: 

a. Signs for group A chemical munitions magazines.—‘ This 
magazine contains chemical munitions of group A (blistering 
agents). Complete protective equipment must be worn to avoid 
burns, if odor is present.” 

b. Signs for group B chemical munitions magazines.— This 
magazine contains chemical munitions of group B (toxic and 
smoke agents). Do not. enter without gas mask. Mask must 
be worn if any odor is present.” 

c. Signs for groups C chemical munitions magazines.—“ This 
magazine contains group C chemical munitions (spontaneously 
inflammable). If fire breaks out, put on rubber gloves and 
place burning component in water.” 

d. Signs for group D chemical munitions magazines.—“ This 
magazine contains Group D chemical munitions (incendiary 
and readily inflammable). No water to be used in this 
building.” 

291. Disposition of defective munitions.—a. The methods 
prescribed for the disposition of defective chemical ammunition 
in the following sections of this manual, under special rules for 
each of the several groups, contemplate the destruction of the 
small number which might ordinarily be encountered. 

b. Under exceptional circumstances, where large quantities 
of munitions are involved, the disposition will be, if practicable, 
by order of the Chief of Ordnance. However, if this delay is 
not feasible, destruction will be accomplished by methods de- 
cided upon by the responsible officer. The methods employed 
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will be predicated on the properties of the fillings as stated 
herein, but need not follow literally the methods of destruc- 
tion specified. 

o. Whenever destruction of chemical ammunition is called 
for, as described under the following sections of this manual, 
by exploding’it underground with the bursting charge designed 
therefor, and when for any reason, such as no burster avail- 
able, this is impracticable, engineers’ “triton blocks” may be 
used in accordance with the provisions of Section XIII of this 
manual, except that special precautions hereinafter described 
shall apply and that the number of blocks shall be doubled in 
each case. 

292. Common carriers.—Freight cars, lighters, boats, etc., 
will be considered as magazines in the intent of these regula- 
tions, in so far as precautions to be observed in opening, han- 
dling of leaking material, protective equipment to be worn, 
etc., apply when these common carriers are in a magazine area, 
and otherwise to the extent and limit as such regulations do 
not controvert or interfere with the provisions and intent of 
the Interstate Commerce Commission regulations. The regula- 
tions of the Interstate Commerce Commission will govern in 
any case where these regulations are not in accord therewith. 


SECTION XXXII 


SPECIAL SAFETY REGULATIONS FOR GROUP A CHEMI- 
CAL MUNITIONS (PERSISTENT VESICANTS) 
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293. Description of group A fillings.—a. Mustard (code 
symbol, HS; chemical name, dichlorethylsulphide) is a liquid, 
dark brown to black in color as filled in munitions, with a melt- 
ing point of 14° C. (57° F.). Its odor is rather faint and some- 
what like water cress or garlic. Its action is that of a vesicant 
or blistering agent. The liquid, or vapor therefrom, causes in- 
tense inflammation which may proceed to blistering of any 
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skin or membrane with which it comes in contact. It causes 
reddening of the eyes or conjunctivitis, burning of the nose and 
throat, inflammation of the trachea (windpipe) and lungs, and 
burning or blistering of the skin. These symptoms do not de- 
velop- for from 12 to 24 hours after exposure, thus giving no 
warning that a person is being burned. An extremely slight 
concentration will cause very severe burns. It can be de- 
tected by its odor, however, in any concentration likely to pro- 
duce burns. However, one rapidly becomes accustomed to the 
odor so that after a few minutes’ exposure the smell is no 
longer noticed. When the odor is first detected, therefore, it is 
absolutely essential that all unprotected personnel leave the 
Magazine at once. Any work done thereafter should only be 
performed by men completely protected, i. e., wearing gas mask, 
protective clothing, protective gloves or mittens, and protective 
shoes or boots. 

b. Lewisite (code symbol, M-1; chemical name, B-chlorvi- 
nyldichlorarsine) like mustard, has strong vesicant properties 
and is a powerful lung irritant. Its vesicant action is not de 
layed, however, and the blisters differ in appearance from those 
produced by mustard. Lewisite is classed as a persistent agent, 
but it is readily hydrolyzed by water, which destroys its vesi- 
cunt action and reduces its persistent quality. Lewisite, when 
pure, is a colorless or slighly yellow liquid, but the product as 
usually prepared is a dark green oily liquid. It has a faint 
out unpleasant odor which is said to resemble geraniums. The 
vapor causes a very disagreeable burning sensation in the nose 
and throat, and sometimes violent sneezing. This material is 
practically insoluble in water, but is readily soluble in absolute 
alcohol, benzene, kerosene, olive oil, liquid petrolatum, and a 
number of other solvents. Woolen clothing gives some protec- 
tion against M-1l vapor. Wet wool absorbs more than dry 
wool, hydrolyzing the M-1. Most of the closely woven and. 
rubberized fabrics, as well as leather and rubber, offer little 
resistance to penetration by liquid M-1. Lewisite is destroyed 
by an aqueous solution of caustic soda. Chloride of lime may 
be used to destroy it in the field. M-1 does not attack steel 
appreciably, and no special lining is necessary for shells. This 
material was not used during the World War. 

294. Storage.—a. All components with group A fillings must 
be stored in a magazine having a concrete floor. This floor 
should be treated with concrete hardener or otherwise rendered 
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less abSorbent. In the absence of a more efficient treatment, 
sodium silicate will be applied. The use of rubberoid or other 
floor covering is prohibited. 

b. All ammunition of this class must be placed on battens to 
allow circulation of air through the tiers. 

c. When a magazine is to be opened, the foreman, or other 
responsible person, must be present to detect the odor of escap- 
ing mustard. 

d. If the odor of mustard is present, all personnel must put on 
and wear gas masks, protective .clothing, protective shoes or 
boots, and protective gloves or mittens. All windows and doors 
of the magazine will be opened and a search conducted, under 
the direct supervision of some responsible officer or foreman, 
until the source of the odor is found. Complete protective equip- 
ment must be worn in the magazine thereafter until the odor 
no longer is present. In adjusting protective clothing, care will 
be observed that no portion of the body is exposed. 

e. A gaS mask shall be assigned to every person entering a 
magazine containing this material, and each person must be 
familiar with its adjustment and use. If the magazine is free 
from fumes, masks need not be carried but must be kept avail- 
able. 

f. All unboxed ammunition or containers filled with HS must 
be handled only by personnel wearing protective gloves or 
mittens. 

g. At least once in each calendar month, the officer in charge 
of the magazine shall conduct an inspection to detect leaking 
ammunition and insure compliance with regulations. 

295. Special equipment.—a. There shall be kept available, 
adjacent to the magazine and protected from the weather, the 
following special equipment. The necessary quantity of each of 
the several items of special equipment will be governed by the 
quantity of munitions stored and the number of men required. 

(1) Gas masks (assign 3 of size 3, and 7 of size 2, for each 10 
men). 

(2) Protective suits (1 each for each man). 

(3) Protective boots, or rubber boots (1 large-size pair for 
each man). 

(4) Protective gloves or mittens (2 pairs for each man). 

(5) Commercial bleach or chloride of lime (calcium oxychlo- 
ride) containing not less than 35 per cent chlorine (100 pounds 
for each ton of HS up to a total of 2 barrels of bleach). 
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(6) Iron tanks of such size as will readily contain the largest 
shell or container in storage, preferably equipped with handles 
(55-gallon drum and larger excepted). 

(7) First-aid equipment, to include 1 gallon of kerosene, 3 
dozen clean flannel cloths of 1 foot square or equivalent, 1 pint 
of 1 per cent sodium bicarbonate solution, 1 syringe or douche 
cup, 1 nasal douche, and 1 pint of a saturated solution of boric 
acid, as well as soap and water. 

b. AS water, 1 per cent sodium bicarbonate solution, and 
saturated boric acid solution will freeze, it may be impracti- 
cable to store them as such during the winter months. In this 
case any convenient source of fresh water, such as a hydrant, 
well, pump, etc., will suffice. Place the requisite amount of 
sodium bicarbonate or boric acid in a 1-pint bottle or jar, label, 
and cork. To use, fill with water and shake thoroughly, after 
which it may be applied as directed in paragraph 300 of this 
section. 

296. Leaking ammunition.—a. When a leaking shell or com- 
ponent is located, the officer in charge of the magazine will be 
notified in order that he may direct the disposition of the shell. 

b. At all times during the handling or disposal of leaking 
ammunition, a complete protective outfit, consisting of gas 
mask, protective suit, protective mittens or gloves, and protec- 
tive boots will be worn by each person. 

c. A leaking shell or component will be immersed in freshly 
prepared bleach solution and then removed down wind from the 
magazine area. The bleach solution should be prepared in iron 
tanks of a size suitable to readily contain the shell in question, 
by adding 3 pounds of chloride of lime to each gallon of water 
and thoroughly stirring the solution. 

d. Depending on the facilities available, the final disposal of 
leaking shell or components should be made by one of the 
following methods: 

(1) It is considered that in situations where such shell can 
be dropped into deep ocean water, this is the preferred method 
of disposal. Where this is impracticable, and a_ sufficiently 
isolated area is available, the shell should be exploded by static 
firing. The point where the shell is exploded should be so 
chosen that personnel can be excluded, for a period of about 
48 hours, from the down-wind area to a distance of 1 mile from 
where the shell is exploded; and alSo where personnel can be 
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prevented from passing over the area within a distance of about 
150 yards from the point where the shell is ees for a 
period of about two weeks. 

(2) Where conditions do not permit of using either one of the 
two methods above outlined, it is suggested that a small hole 
(about one-fourth inch) be drilled into the void space of the 
shell. A handful of waste or cloth wadding saturated with 
about 5 per cent solution of bleaching powder should be held 
around the point where the shell is being drilled so as to 
absorb any HS vapor emitted when the drill pierces the shell. 
The hole is then reamed or drilled to a diameter such as to 
permit the HS content of the shell to be poured out. The con- 
tent of the shell is then poured onto a pile of loose earth and 
bleaching-powder mixture in the bottom of a hole about 5 feet 
deep, dug at least 200 yards from well sites, if the wells be 
shallow. The pile of loose earth and bleaching-powder mixture 
in the bottom of the hole should consist of an intimate mixture 
of about one bushel of loose earth and one bushel of ordinary 
bleaching powder (35 per cent available chlorine). The emptied 
shell is then placed on top of the bleaching powder. The hole 
is then back-filled to within a foot or so of the ground and 
about a barrel of water poured into the hole, and the back-filling 
completed. If HTH—that is, bleaching powder containing about 
65 per cent available chlorine—is used instead of ordinary 
bleaching powder in this method of disposal, it is sufficient te 
use only about half as much HTH as bleaching powder. The > 
quantities herein indicated are suggested in the case of a 
155-mm. shell which contains about 11 pounds of mustard. 
Where a 75-mm. shell is to be disposed of, which contains only 
about a pound of mustard, a correspondingly smaller amount of 
soil-bleaching powder mixture and bleaching powder should 
suffice to destroy the mustard. 

(3) The mustard in the shell opened by drilling as above indi- 
cated may also be destroyed by pouring it onto a closely packed 
pile of wood containing about a fourth of a cord, the mustard 
poured uniformly over the wood and the empty shell placed on 
top of the pile. The wood is then set on fire and personnel 
excluded from the down-wind area to a distance of 200 yards 
while the wood is being consumed. Such mustard as adheres 
to the walls of the shell will have been destroyed if the shell 
is heated to a red heat in this method of disposal. If the 
shell contains a burster charge, it should be removed before 
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the shell is placed on the pile of wood. In emptying the shell, 
either into a hole in the soil or onto the wood, personnel should 
remain to windward. Drilling tools contaminated with mustard 
should be thoroughly cleaned by immersing in a 5 per cent solu- 
tion of bleaching powder for 10 or 15 minutes and then washing 
with water. The drilling and emptying of the shell should be 
done by personnel having a fair knowledge of the properties 
of HS, and they should be aware of the necessity of guarding 
themselves against contamination either by the vapors or liquid 
mustard. Masks and protective clothing should be worn in 
handling leaky mustard-filled shell. 

(4) A single leaking shell or component may be exploded in 
a pit at least 6 feet deep. Place the shell at the bottom of 
the pit after inserting the bursting charge designed for use 
with the shell. Connect an electric detonator or blasting cap 
and fuze to the bursting charge in such a manner as to insure 
explosion of the charge. Backfill the pit and explode the shell 
after all personnel have retired to a safe distance. Pour five 
gallons of freshly prepared bleach solution on the fill and then 
scatter sufficient dry bleach over the fill to cover the disturbed 
ground to a depth of approximately 2 inches. Place a per- 
manent sign on the fill prohibiting digging in the vicinity. (See 
also Sec. XXXI, par. 291-0.) 

297. Leaking containers.—a. The officer in charge of the 
magazine, or other responsible officer, will be notified whenever 
a shipping container is discovered to be leaking. He will take 
direct personal charge of removal. 

b. In general, shipping containers will be too large to immerse 
and handle like a leaking shell. Therefore, an attempt should 
be made to stop the leak by one or more of the following 
methods, or by other methods suggested by the nature of the 
leak. 

(1) Place the container so that the leak is at the highest 
relative elevation. 

(2) Calk the leak after wiping with a cloth saturated with 
bleach solution. . 

(3) Plaster a lump of moist clay over the leak and bind in 
place with strips of cloth. 

c. After the leak is stopped in a manner so as to render the 
container satisfactory for further storage, the container will be 
cleaned thoroughly by the method described in paragraph 298 


below. 
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d. If leakage has been checked but the container is unsatis- 
factory for further storage, it should be removed from the 
building, observing care to prevent reopening the leak. The 
container should be placed in the most suitable place, and the 
portion of the container adjacent to the leak should be kept 
wet with bleach solution, pending final disposal of the con- 
tainer. In the case of containers having dished ends, this may 
be done by flooding, or in other cases by covering with cloths 
saturated with fresh bleach solution. The “wick” effect of a 
soft cotton cloth over the side of a bucket filled with bleach 
solution may serve to keep the cloths wet. 

e. The Chief of Ordnance shall be notified of the facts in 
the case and instructions requested. 

f. Leaking containers will be disposed of, in general, by trans- 
ferring the contents to a serviceable container. This transfer 
of contents will be done only by specially trained depot personnel 
after authorization from the Chief of Ordnance, or when in the 
opinion of the commanding officer of the depot immediate action 
is required. A leak which can not be stopped should be consid- 
ered as requiring immediate transfer of the contents of the 
container. 

298. Removal of spilled mustard.—a. In case mustard from 
a leaking shell or container has contaminated the floor or other 
containers, it should be removed by a thorough washing with 
freshly prepared bleach solution. If any woodwork is found to 
be stained, it should be removed and burned, as no simple treat- 
ment will remove mustard from wood. 

b. After washing metal containers, shell, or concrete floor, 
with bleach solution, dry bleach should be applied and allowed 
to remain for several days, after which it should be swept up 
and daily applications of alcoholic caustic made for a period of 
two weeks. In the event that it is impracticable to use alcoholic 
caustic, freshly prepared bleach solution should be substituted. 

ec. The use of alcoholic caustic should not be adopted without 
consideration of possible later danger from the contact of loose 
high explosives with caustie which will undoubtedly remain in. 
the floor. There is also a possibility of the alcohol being ignited, 
although this has never yet occurred. 

d. The doors and windows of the magazine should remain open 
until the odor of mustard has disappeared. Complete protec- 
tive equipment must be worn while conducting any of this work 
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and at all times thereafter until the mustard or its odor has 
been completely removed from the magazine. 

e. In the event that the above-described treatment does not 
remove all mustard from the floor, the treatment must be re- 
peated. If repetition does not suffice, the only course available 
is to remove contaminated portion of the floor and replace with 
new material. Protective clothing must be worn during such 
removal. 

299. Fire in HS magazine.—a. If a fire breaks out in any 
building in which mustard is stored, all personnel should be 
removed from the down-wind side of the magazine, as mustard 
vapors will undoubtedly be carried in the smoke as soon as 
shell begin to open. If any large quantity of mustard is likely 
to be released by such a fire, all possible means must be em- 
ployed to notify inhabitants down wind from the fire. If pos- 
sible, they should be moved to some locality other than down 
wind. 

b. If it is impossible to move personnel, they should, as a 
last resort, take shelter in rooms not having a flue connection, 
and should stuff all openings to prevent ingress of the fumes. 
If unprotected personnel is down wind from the fire, every pos- 
sible effort should be made to extinguish the fire as 
rapidly as possible, even at the cost of depot personnel. The 
danger zone for unprotected personnel during a fire must be 
estimated at the time by careful observation of smoke and 
presence of fumes. 

c. Men fighting the fire should wear complete protective out- 
fits. The attack on the fire should be made from the up-wind 
side, if practicable; but, in any event, the fire must be extin- 
guished at all costs. 

d. The immediate area in which any shell have opened dur- 
ing a fire will undoubtedly be contaminated, and should be 
treated as such. Any shell which has been exposed to fire 
should be considered dangerous and made the subject of special 
inspection to ascertain its condition. 

300. First aid.—a. Mustard.—(1) Wash off the mustard at 
once. It penetrates the skin very rapidly, and unless it is 
washed off immediately a serious burn will result. Wash the 
skin continuously with running water and soap. If possible, 
apply carbon tetrachloride saturated with chlorine, or wash 
with sodium hypochlorite solution. If sodium hypochlorite is 
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not available, use a solution of calcium hypochlorite (‘“‘bleach ”’). 
The more thoroughly the skin is washed to remove mustard, 
the less will be the injury. Do not use dry bleach on mustard, 
as the heat of the chemical reaction will produce severe burns 
when the chlorine combines with the mustard. 

(2) Organic solvents, such as benzene, chloroform, ether, 
carbon tetrachloride, gasoline, kerosene, or alcohol, are of value. 
Gasoline is usually available and very satisfactory. In using 
such a solvent it is essential to use several portions on several 
successive fresh pieces of cloth and to continue the treatment 
for a period of 30 minutes. After thorough drying wash again 
with hot soapy water or alkaline solutions, and follow the wash- 
ing with hourly treatments with sodium hypochlorite solution. 
The eyes, nose, and throat should be cleansed with either a satu- 
rated boric acid solution, a normal salt solution (one level 
teaspoonful to a pint of water), or a 1 per cent sodium bicarbo- 
nate solution (one heaping teaspoonful to a pint of water). 
The eyes should be washed with one of these solutions every 
two hours. In severe eye symptoms, it is well to use wet com- 
presses of the sodium bicarbonate solution or of the boric acid 
solution. . 

b. Lewisite—(1) The symptoms produced by M-1 are similar 
to those produced by mustard, but are of a more severe nature. 
M-1 acts immediately as a lacrimator and as a lung irritant. 
Its vesicant action is much more rapid than that of mustard. 
Both liquid and vapors cause irritation of the lungs, inflamma- 
tion of the eyes, and skin burns, 

(2) The treatment is similar to that for mustard and must 
be prompt. Remove the clothing and thoroughly wash the 
entire body with water. For skin injuries from liquid Lewisite 
apply a 5 per cent aqueous solution of sodium hydroxide, fol- 
lowed by 95 per cent alcohol. Vapor burns with Lewisite are 
best treated with ferric hydrate paste and then covered with a 
first-aid dressing. Rest and body warmth in a cool atmosphere 
are essential. Evacuate at once to a hospital. 
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SECTION XXXIII 


SPECIAL SAFETY REGULATIONS FOR GROUP B 
CHEMICAL MUNITIONS (TOXICS, IRRITANTS, AND 
SMOKE) | 


Paragraph 
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301. Description of group B fillings.—a. Phosgene (code 
symbol, CG).—(1) Under pressure, i. e., in loaded shell or in 
containers, phosgene is a colorless liquid having a boiling point 
of 8° C. Its odor is like green corn or musty hay. Its action 
is to cause pulmonary cedema or an accumulation of water in 
the lungs as a result of the irritant action of the chemical. 
The first symptonis noted in a strong concentration igs a choking 
sensation and the feeling of constriction of the chest. The 
danger lies in the fact, however, that low concentrations that 
are not particularly irritating may, after an interval of hours, 
produce serious symptoms, and even death. These symptoms 
are: Difficulty in breathing, rapid pulse, weakness, coughing 
with watery expectoration, and cyanosis (a blue color) caused 
by inability of lungs to oxygenate the blood. 

(2) This delayed action of the chemical makes it imperative 
that masks be worn whenever the odor of phosgene is present. 
Further, due to its extremely rapid action in high concentra- 
tions, gas masks are always to be carried while working with 
shell or containers filled with phosgene. 

(3) In case this material is spilled it will, if left alone, 
quickly and completely evaporate. The decomposition can be 
hastened by sprinkling with water. Gas masks must be worn at 
all times while handling any spilled phosgene. Due to the 
low boiling point phosgene in closed containers or shell main- 
tains a high pressure. This pressure may be of the order of 
150 pounds per square inch under certain conditions. 

(4) In case of leakage the evaporation will rapidly reduce 
the temperature to the boiling point, permitting transfer as a 
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liquid. When poured into a warm container a violent boiling 
will occur until the temperature of the container approaches the 
boiling point. 

b. Chlorpicrin (code symbol, PS).—(1) Chlorpicrin is a color- 
less liquid having a boiling point of 112° C. It has a peppery 
odor and causes irritation of the eyes with lacrimation and 
some irritation of the nose and throat. Its action is that of 
a lacrimator and suffocant. In a strong concentration it is 
nauseating. The first effects are followed by pains in the chest, 
abdominal discomfort, and vomiting. The principal action, 
however, is on the lungs, causing suffocation due to the water 
that accumulates in the lungs (pulmonary cdema). Pro- 
longed exposure to even very low concentrations may cause 
serious symptoms. The pulmonary cedema does not develop 
until several hours after the exposure to the gas. 

(2) The delayed effect of this agent necessitates the same 
prompt adjustment of masks as described for phosgene. The 
most distinct odor and irritation of the eyes is readily noticed 
in any concentration which would be dangerous. 

(3) Chlorpicrin can only be removed with great difficulty, 
especially from woodwork. The most effective treatment is by 
means of a liberal application with scrubbing with alcoholic 
sodium sulphite solution. 

(4) Liquid chlorpicrin has a moderate corrosive action on 
any skin or membrane with which it comes in contact. Care 
should therefore be observed to avoid contact. 

c. Chlorpicrin and stannic chloride mixture (code symbol, 
NC) is a liquid consisting of a mixture of chlorpicrin and 
stannie chloride. Its odor is that of chlorpicrin, and in addi- 
tion it may be detected by the fuming or smoke produced when 
it is exposed to the air. It should be treated the same as 
chlorpicrin. AS this mixture is slightly corrosive to the skin, 
contact should be avoided. 

d. Stannic chloride (code symbol, DM) is a colorless liquid 
of suffocating odor. It can be detected by Smoke produced on 
contact with the air or moisture. It should be treated the 
same as chlorpicrin, inasmuch as its effect on the lungs is 
similar, although somewhat less marked. 

e. Brombenzyleyanide (code symbol, CA).—(1) This is a 
liquid, dark brown in color, which causes intense irritation of 
the eyes, followed by a prompt flow of tears. Lacrimation 
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does not produce any permanent damage to the eyes, and this 
chemical has apparently no other effect on the system. Com- 
fort of the worker will require wearing of the mask when in 
any concentration of this material. 

(2) This material is extremely difficult to remove from any 
surface which can absorb it. The liberal use of alcoholic 
caustic soda solution will tend to reduce the nuisance caused 
by the presence of this lachrymatory material in a magazine. It 
should be noted that under many conditions the use of caustic 
soda in a magazine will be impossible, due to the possible effect 
of the caustie on high explosives which might later be stored in 
this magazine or on the bursting charge of chemical munitions. 
The magazine officer should direct the use of aleoholic caustic 
in a magazine only after considering this point. Physical con- 
tact with the liquid or highly concentrated vapors should be 
avoided. 

f. Diphenylchlorarsine (code symbol, DA).—(1) This sub- 
stance is a solid varying in color from white to black, and hav- 
ing a melting point of 44° C. The crude material may be liquid 
in some cases. Its properties and action are the same as those 
described under diphenylaminechlorarsine (DM), in subpara- 
graph g below. 

g. Diphenylaminechlorarsine (code symbol, DM).—(1) DM is 
a greenish-yellow to black solid melting at 195° C. It causes 
in minute concentrations irritation in the nose and throat. 
Longer exposure causes tightness of the chest, sneezing, head- 
ache, coughing, intense nausea, and weakness. The symptoms 
increase with severity some time after exposure. The irritation 
produced by the smoke of this agent while burning is so intense 
that an intolerable concentration would be reached long before 
it has become dangerous to life. The effects may last for sev- 
eral hours. No permanent damage is caused. When recovery 
occurs, it is complete. If any of this material becomes spilled, 
it is essential to avoid trying to sweep it or handle it in any 
way to cause dust formation. The material should be thor- 
oughly wet before sweeping up with a broom. 

h. Titanium tetrachloride (code symbol, FM).—(1) Titanium 
tetrachloride is a heavy, colorless liquid with a pungent odor. 
It can readily be detected by the large quantity of smoke pro- 
duced when leaking in the air or ip the presence of moisture. It 
is used solely as a smoke-producing agent and has practically no 
toxic effects. Large quantities of the smoke produce a choking 
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sensation and difficulty in breathing, requiring the use of a gas 
mask for the comfort of the worker. It can be easily removed 
by the application of large quantities of water. 

(2) In an extremely heavy concentration canisters of gas 
masks may become clogged to such an extent as to render breath- 
ing difficult. If this occurs, the mask shoud be changed, in the 
open air, for one in serviceable condition. 

i. Chloracetophenone (code symbol, CN).—(1) CN is a white 
to gray or black solid, with a melting point of 56° C. Itis a 
powerful lacrimator and has a somewhat fruity odor. It is 
usually put in candles with smokeless powder to cause it to 
burn, or filled as a liquid so‘ution in benzene and carbon tetra- 
chloride or in carbon tetrachloride alone. In solution the odor 
of the solvent is usually discernible in addition to that of the 
chloracetophenone itself. In any case it is a strong lacrimator 
with no permanent damage to the eyes. Its lachrymatory 
_ effects will require the use of masks for the comfort of the 

worker. ; 

(2) It can best be removed by the liberal use of alcoholic 
sulphite solution, with scrubbing. Actual contact with the pure 
solid material, or high concentrations of the material in the air, 
produces a burning sensation on the skin. Such contact should 
be avoided. 

j. Chlorine (no code symbol).—(1) Chlorine is a greenish- 
yellow liquid or gas with a boiling point at minus 84° C. It has 
u pungent odor like chloride of lime. The first effects produced 
by the inhalation of small proportions of chlorine is a very 
uctive irritation of the upper respiratory passages, causing 
coughing and sensation of suffocation which is exceedingly dis- 
agreeable. The odor of chlorine is very strong in any concen- 
tration that would cause irritation or any symptoms of poison- 
ing. When present in amounts strong enough to cause irrita- 
tion the masks should be worn and all personnel not so 
equipped should leave the vicinity. In case of leaking chlorine, 
ventilation will remove any dangerous quantity. 

(2) Like phosgene, only to a greater extent, chlorine gener- 
ates pressure when sealed in containers. The pressure may be 
200 pounds per square inch under field conditions. 

k. Oleum (no code symbol) is, as its name indicates, commer. 
cial oleum, or fuming sulphuric acid. Its properties and effects 
are the same as are encountered in usual practice. This sub- 
stance is used as a substitute liquid smoke material. 
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302. Storage.—a. Chemical munitions containing fillings of 
group B should be stored preferably in magazines having con- 
crete floors, as in the event of leakage it is practically impos- 
sible to remove the last traces from a wooden floor. Where 
stored on concrete, the floor should be treated with a concrete 
hardener or other means of rendering the floor less absorbent. 
If more effective materials are not available, sodium silicate 
should be used. 

b. All ammunition of this group should be piled on battens 
to permit the circulation of air through the tiers. 

c. Whenever a magazine containing group B chemical muni- 
tions is opened the foreman or other responsible person must be 
present to detect the odor of leaking material. 

d@. If an odor is present, masks will be worn and the doors 
and windows opened, after which the leaking shell or container 
should be located. 

e. Masks should be carried by men at all times in a maga- 
zine. Unboxed shell and containers may be handled without 
protective gloves unless noticed to be contaminated. How- 
ever, in some cases a small amount of filling is left on the out- 
side of shell during the filling of group B munitions. Protective 
gloves or mittens should be worn when handling contaminated 
material. 

303. Special equipment.—There shall be maintained at all 
times adjacent to magazines in which group B munitions are 
stored the following special equipment: 

a. Gas masks sufficient to equip all personnel .required to 
work in the magazine (3 of size 3, and 7 of size 2, for each 
10 men). 

b. Protective gloves or mittens sufficient to equip all per- 
sonnel. 

oc. Two stretchers or litters. 

d. Six woolen blankets. 

e. Eight ounces of a mixture consisting of four ounces pure 
grain alcohol (95 per cent) and four ounces chloroform, United 
States Pharmacoepia, to which is added a few drops of 
ammonia. 

f. One carboy of a saturated solution of sodium sulphite in 
pure grain alcohol (95 per cent). This carboy must be kept 
sealed to prevent evaporation. 
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g. One carboy of a saturated solution of sodium hydroxide 
(caustic soda) in pure grain alcohol (95 per cent). This car- 
boy must be kept sealed to prevent evaporation. 

3804. Leaking ammunition.—a. When a leaking shell or con- 
tainer is located the officer in charge of the magazine will be 
notified, in order that he may direct the disposition of the 
shell. 

b. A gas mask and protective gloves will be worn whenever 
handling leaking ammunition filled with group B material. 
Care should be observed that the leaking material does not 
come in contact with the clothing or person. 

c. Pending final disposal, leaking ammunition will be removed 
from the magazine and placed down wind from the magazine 
area. 

d. If the number of leaking shell or components is small, 
they should be destroyed as described below: 

(1) The preferred method is to sink the complete shell or 
component in deep running water. 

(2) Single shell or components may be exploded under- 
ground. Place the shell at the bottom of a pit, at least 6 feet 
deep, after inserting the bursting charge designed for that type 
of shell. Connect an electric detonator or blasting cap and 
fuse to the bursting charge in such manner as to insure explo- 
sion of the charge. Backfill the pit, and after all personnel has 
retired to a safe distance explode the shell. Place a sign on 
the fill, prohibiting digging in that location for one year. (See 
also Sec. XXXI, par. 291-c.) 

e. If a large number of leaking shell are involved, they should 
remain down wind from the magazine area, under guard, to 
await instructions from the Chief of Ordnance. Only such 
shell or components as are leaking rapidly enough to consti- 
tute a menace will be immediately destroyed. 

305. Leaking containers.—a. The officer in charge of the 
magazine will be notified whenever a shipping container is dis- 
covered to be leaking. He will personally inspect the container 
involved to determine the proper disposition. 

b. As soon as possible after discovery of a leaking container, 
and pending arrangements for its removal, an attempt should 
be made to place the container in such position as will prevent 
the contents from spilling on the floor or on other containers. 
This should be done by the man discovering the leak, if possible. 
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c. If the leak is stopped easily without allowing any large 
quantity of the filler to escape, the container may remain in the 
magazine. If the leak is not stopped promptly, the container 
must be transported down wind from the magazine area. 

d. Containers in which the leaks have been stopped in such 
manner as, in the opinion of the magazine officer, renders them 
serviceable for continued storage, may remain in the magazine. 
Containers which can not be repaired satisfactorily with the 
facilities at hand shall have the contents transferred to service- 
able containers under the direct supervision of the magazine 
officer. 

e. The method of transferring contents will vary with exist- 
ing conditions and the nature of the material. The method 
adopted must be predicated on the properties of the material 
as described in paragraph 301 of this section. 

806. Removal of spilled material.—a. In case materials of 
group B have leaked from shell or containers and have con- 
taminated the floor or other containers the treatment to be 
used will be as outlined in paragraph 301 of this section under 
the description of the material involved. | 

b. Gas masks and protective gloves must be worn while re- 
moving chemical fillings belonging to group B which have been 
spilled. 

307. Fire in magazines.—a. If a fire breaks out in any 
building in which group B munitions are stored, all personnel 
should be removed from the down-wind side of the magazine. 
All personnel fighting the fire should wear gas masks. 

b. The same precautions of notifying inhabitants down wind 
from the fire should be taken as are outlined in Section XXXII, 
paragraph 299, of this manual. The danger to personnel down 
wind is much less, however, than in the case of a fire involving 
HS. 

c. Any shell or container which has been exposed to fire 
should be considered dangerous and made the subject of special 
inspection to ascertain the condition. A report should be made 
to the Chief of Ordnance and instructions requested. 

308. First aid.—a. Pulmonary irritants.—The first-aid treat- 
ment of pulmonary irritants, including phosgene, chlorpicrin, 
stannic chloride, and chlorine is the same. Absolute quiet, 
warmth, and oxygen are essential. The patient should be 
immediately removed to a pure atmosphere and made to lie 
down, kept at absolute rest, and kept warm by wrapping in 
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blankets. A person affected by pulmonary irritants should 
always be moved on a litter or stretcher. He must never be 
allowed to walk. A light stimulant or hot coffee may be given. 
Oxygen should be administered, if necessary. A glass of milk 
or cream, if available, will give marked relief from pharengeal 
irritation. In cases of splashes of liquid on the skin, wash it 
off at once with alcoholic disodium sulphite, in order to pre 
vent ulcerations. Skin scratches and abrasions exposed to 
chlorpicrin fumes or liquid develop a high degree of inflamma- 
tion and easily become infected. 

b. Lachrymatory irritants.—Lacrimation produced by brom- 
benzylcyanide, chlorpicrin, and chloracetophenone produces no 
permanent damage. Remove the patient to a pure atmosphere, 
which in most cases will be a sufficient treatment. In the more 
aggravated cases, or those exposed to a strong concentration 
of the gas, washing the eyes with a saturated solution of boric 
acid will be beneficial. Do not rub the eyes or bandage them. 
Where there is a skin rash wash with alcoholic sodium bicarbo- 
nate solution (made by dissolving 100 grams of sodium bicarbo- 
nate in 500 cubic centimeters of water and then adding 500 
cubic centimeters of ethyl alcohol.) This solution must be 
shaken before using because the addition of the alcohol causes 
some of the bicarbonate to be precipitated. 

c. Irritants.—The irritants, diphenylchlorarsine and _  di- 
phenylaminechlorarsine, will not cause permanent damage, in 
general. Remove the patient from the contaminated atmosphere 
and away from heat. Flush the nose with salt water or bi- 
carbonate of soda solution. Remove all outer clothing and wash 
the surface of the body, including the scalp, with soap and 
water. If irritation of the skin occurs, wash with weak am- 
monium carbonate (5 per cent) solution. Allow this solution 
to dry upon the skin and then dust the skin with borated tal- 
cum. Let the patient breathe weak chlorine atmosphere for 
10 minutes by allowing a small quantity of chlorine (80 drops 
per minute per 1,000 cubic feet of air space) to bubble through 
water. 

d. Smoke.—Titanium tetrachloride will not as a rule produce 
any effects requiring treatment. If a person has been subjected 
to a very strong concentration of smoke without the protection 
of a mask, he should retire to the fresh air until recovered. 
Oleum burns should be treated in the same manner as other 
acid burns. 
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SEcTION XXXIV 


SPECIAL SAFETY REGULATIONS FOR GROUP C CHEMI- 
CAL MUNITIONS (SPONTANEOUSLY INFLAMMABLE) 


Paragraph 
Description of white phosphorus_-_._~__.--_---....- ~~~. 309 
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Special equipment.______--_-_._- 311 
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Removal of spilled phosphorus-________---____.-_--_--_ 813 
Fire in magazines.__._..-..--~-.. ee ee eee 814 
Guards at magazines___.____..___.____-___ ee 315 
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309. Description of white phosphorus.—White phosphorus 
(code symbol, WP; chemical name, yellow phosphorus) is a 
yellowish, translucent, wax-like substance, melting at 112° FB. 
Its most characteristic property is that of spontaneously ignit- 
ing upon exposure to air, burning with an intensely hot flame, 
and giving off large volumes of white smoke. Wherever exposed 
to the air the material will glow with a peculiar whitish light 
long before fire breaks out. This can be noticed easier at 
night. The odor of phosphorus is somewhat like garlic, but is 
best recognized as that of the old style parlor match. The fumes 
are not toxic except on exposure for a period of several months, 
The material is intensely poisonous when taken internally. 
Therefore, precautions should be taken to insure that none is 
introduced into the body by contamination of food, etc. 

810. Storage.—Chemical munitions containing fillings of 
group C should be stored preferably in magazines with concrete 
floors, and, if possible, with elevated sills to permit flooding 
with water as much of the building as possible in the event 
of fire. Ideal storage conditions would require a building 
divided into small water-tight compartments to permit flooding 
in case of fire. The more nearly this condition can be ap- 
proached by means of elevated sills, tight partitions, inside 
flooding connections operated externally, etc., the more satis- 
factory a building is for storage of group C chemical munitions. 
Unboxed shell may be handled without gloves. 

311. Special equipment.—There shall be maintained at all 
times adjacent to each magazine in which group C chemical 
munitions are stored the following special equipment: 
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a. Heavy rubber gloves, gauntlet type, and rubber boots, 
sufficient in number to equip all personnel required to work in 
the magazine. 

b. A number of tubs, barrels, or tanks of a size sufficient to 
contain the storage unit. During the summer months when 
fires are most likely in this type of storage these tanks shall 
be kept filled with water. Also, during the summer months, 
there shall be stretched a line of hose of sufficient length to 
reach any part of the magazine. 

c. Two sponges and a pail or other vessel holding approxi- 
mately 14 quarts. 

d. A bathtub for first aid, and a means of heating water for 
use therein, will be maintained in some heated building as close 
as possible to the magazines of this group. A small number 
of gauze sponges will be maintained, also. 

3812. Leaking ammunition.—a. With leaking shell of this 
group the great risk is that of fire. This can be combatted suc- 
cessfully only by extremely prompt action. In general, the time 
elapsing from the time the fire is reported until the arrival 
of the fire department is sufficient to allow the fire to get 
beyond control. 

b. A leaking shell or container of any type should be immedi- 
ately immersed in one of the tubs provided in the magazine. The 
person discovering the leaking shell should put on rubber gloves 
and attempt to immerse it at once. In the event that this action 
is impracticable, the hose should be used with hydranf pressure. 
This is important, as a low-pressure stream of water will tend to 
smother the fire, whereas the use of high pressure tends to scat- 
ter the fire over a large area, and thus greatly increase the diffi- 
culty of extinguishing it. 

c. The rubber gloves will give protection from burns only as 
they prevent contact of the phosphorus with the skin, and by 
heat insulation. This protection breaks down rapidly when ex- 
posed to high temperatures, such as burning phosphorus. When 
burning phosphorus adheres to gloves, it can be extinguished by 
dipping the gloved hand in water. 

d. When a single leaking shell has been discovered and im- 
mersed in water, it should be destroyed, preferably by static 
firing at a point where fragmentation will not create a hazard, 
the smoke will not create a nuisance, and where there is no 
dry vegetation which may be ignited. 
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e. The shell to be exploded should be placed at the bottom of 
a pit at least 2 feet deep. Place the requisite number of triton 
blocks, wrapped in wet newspaper or cloth on top of the shell, 
and insert the proper detonator and fuze, as described in Sec- 
tion XIII, paragraph 86—b-(3). All personnel must retire to a 
safe distance before the shot is fired. . 

f. The charge of triton blocks to be used for demolition of 
leaking group C ammunition will be as follows: 











Number Number 
Chemical ammunition of T.N.T. Chemical ammunition of T.N.T. 
blocks | blocks 

76-mm. artillery shell........_. 4 | §-pound aviation bomb........ 1 
155-mm. artillery shell_.......- 5 || 25-pound aviation bomb-......- 2 
8-inch artillery shell__.........- 6 || 50-pound aviation bomb...._-.- 2 
3-inch trench mortar shell-_-.-- 2 || 100-pound aviation bomb...... 3 
4-inch chemical mortar shell - -. 2 || Grenades (for each six)-.....--.. 1 
4.2-inch chemical mortar shell - 3 Candles (for each four) -.....--- 1 


8-inch Livens shell_.........--- 





g. Leaking candles should be destroyed, when practicable, 
by placing them in an open space where fire can not spread, 
and opening and burning the candles according to the instruc- 
tions contained in the box. 

h. Where a number of leaking shell or containers are found 
they should either be stored under water or piled in the open 
under constant guard, with hose laid, pending the receipt of 
instructions from the Chief of Ordnance. If immediate de- 
struction is considered advisable by the officer in charge, the 
method used should be as described above for a single shell. 

313. Removal of spilled phosphorus.—a. Where phosphorus 
has leaked on the floor or other parts of a magazine and has 
been extinguished, a fire guard must be stationed within the 
building until it has been completely removed, as the drying up 
of the water will permit the phosphorus to ignite again. 

b. The phosphorus can be removed best by first scraping off 
as much as possible with an implement such as a putty knife 
and then removing the rest by burning with a blow torch or 
similar appliance. This removal of phosphorus must not be 
attempted until all loaded munitions in the vicinity have been 
removed. 

c. After treatment, as above described, guards must be main- 
tained in the magazine for at least two weeks, as fire may break 


210 ORDNANCE SAFETY MANUAL 


out in some deep crack or crevice where the heat from the 
blow torch did not penetrate. Special watch should be kept on 
this portion of the magazine during the next period of hot 
weather, as this is the most likely time for fire to break out. 

314. Fire in magazines.—In the event of fire getting beyond 
control of the person discovering it, the following precautions 
not generally necessary during ordinary fires, must be observed 
in order to attack the flames successfully. 

a. Phosphorus once extinguished must either be immersed 
under water or continually sprayed to prevent the flames break- 
ing out anew. 

b. Due to the great amount of smoke liberated, there is an 
extra hazard of men becoming lost in the magazine while 
attempting to fight the flames. Men with portable extin- 
guishers should not be permitted in the magazine after a fire 
gains headway unless they are equipped with life-lines, as they 
would have no hose line to follow back in order to escape from 
the magazine. 

ce. The fact that components becoming highly heated in a 
fire will explode with moderate violence, thus throwing the 
burning containers for some distance, tends to spread the fire 
rapidly. 

d. As a high velocity stream of water tends to spread the 
fire, that portion beyond the main body of the stream continu- 
ing to burn, the lowest pressure stream consistent with possi. 
bility of approach should be used. 

e. After a fire has been extinguished in a magazine, all adja- 
cent shell and components will be considered dangerous and 
guarded continuously pending instructions from the Chief of 
Ordnance, | 

315. Guards at magazines.—There shall be maintained at 
all times a periodical inspection by fire guards of magazines 
containing group C munitions. During the summer months 
this inspection shall take place at least once each day. Guards 
walking post near these magazines shall be especially in- 
structed to immediately report any smoke seen issuing from a 
magazine. 

316. First aid.—a. The most likely source of injury from 
phosphorus in storage consists of the possibility of receiving 
burns. Burns from phosphorus are especially severe, because 


the phosphorus keeps on burning even when buried in the 
flesh. 


ae i 
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b. The part affected by a phosphorus burn should be plunged 
under water as soon as possible. This will stop the phosphorus 
from burning. Then apply large amounts of copper sulphate 
(3 per cent) solution. Continue this treatment for three min- 
utes. Remove the phosphorus particles (copper-plated) by 
washing or with forceps and treat the injury like an ordinary 
burn. ‘ 


SECTION XXXV 
SPECIAL SAFETY REGULATIONS FOR GROUP D CHEM- 


ICAL MUNITIONS (INCENDIARY AND READILY 
INFLAMMABLE) 


Paragraph 
Description of group D fillings---.------__--.._____---------~. 317 
LOU C i ee el 318 
Special equipment .....22 225 22 Sa es ee Se ess 319 
Teeaking ammunition 22 26 ee eee eae 320 
Removal of spilled materia].__________~_._-___-__ ~~~ 321 
Fire in magazines 2222-53020 a ee 322 
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317. Description of group D fillings.—a. Thermit (code 
symbol, TH) is a mixture of iron oxide and aluminum. It is in 
the form of a dark-gray granular mass. When ignited it burns 
with great rapidity and the evolution of extreme heat, the iron 
oxide being reduced to boiling molten fron. 

b. Hexachlorethane mixture (code symbol, HC) consists 
largely of hexachlorethane and zine. It is a gray solid with a 
camphorlike odor. It burns rather slowly with the evolution of 
a dense cloud of smoke. The smoke produced is harmless and 
can be breathed without discomfort. 

318. Storage.—a. Chemical munitions containing fillings of 
group D may be stored in any suitable magazine. The maga- 
zine selected should be on high ground to preclude the possibil- 
ity of an accumulation of water or wet ground immediately 
under the magazine. The roof of each magazine used for 
storage of this type of material must be maintained in perfect 
condition to keep the interior of the magazine dry. 

b. Inspection and guard of ammunition of this type will be 
the same as that maintained for high-explosive shell. 

319. Special equipment.—Unboxed ammunition containing 
group D material may be handled without special protective 
equipment. Some suitable equipment for fighting oil fires shall 
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be maintained at all times adjacent to magazines in which ma- 
terial of this class is stored. . . 

320. Leaking ammunition.—d. In the event that containers 
or shell containing group D materials are discovered in a leak- 
ing condition they should be set aside so that leaking materials 
will not accumulate in the magazines. Instructions as to the 


disposition of such shell will be requested from the Chief of 


Ordnance, 

b. Leaking munitions of this group shall be destroyed, if 
necessary by burning in the same manner as intended for service 
use or in the case of bombs, statically in an area where fire 
risk is negligible. - 

821. Removal of spilled material.—lIn the event that com- 
ponents are broken open or leaking the material should be swept 
up, if it is solid. If it is liquid, it should be absorbed by saw- 
dust and then swept up. 

322. Fire in magazines.—a. The efforts of fire fighters should 
be confined to preventing the spread of the fire. Fire in a 
magazine containing group D material in any form should not 
be fought with water. 

b. Unburned material in a magazine which has been partially 
destroyed by fire should be treated with the greatest caution, 
as HC mixture may absorb sufficient moisture to cause ignition 
with consequent recurrence of the fire. 

3283. First aid.—No unusual first-aid treatment is required 
for accidents occurring in handling this type of material. 
Burns will be treated in the same manner as those produced by 
any other substance except phosphorus. 
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